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Thin electrolytic fine tin sediments were obtained from pyrophosphate electrolyte under dif-
ferent electrolysis conditions and duration. The electrochemical characteristics of tin coatings
as anode materials of lithium-ion batteries are studied using potentiodynamic and galvanosta-
tic cycling methods. The effect of the properties of coatings, in particular their mass, on the
value of specific capacitance and its stability, including during discharge with different cur-
rent densities, has been established. It is shown that the studied tin sediments have high ini-
tial specific capacity that is close to theoretically possible. The maximum stability of the spe-
cific capacity during cycling is characteristic of electrodes with minimal masses of precipita-
tion. The impedance spectra recorded for the studied electrodes in the initial state and after the
first lithiation are analyzed.

K ey words: electrodeposition, pyrophosphate electrolyte, tin films, specific capacity,

reversibility, lithium-ion battery.

INTRODUCTION. In modern lithium-ion
batteries (LIB), graphite is most widely used as
anode. It is capable of providing more than a
thousand charge/discharge cycles with a relati-
vely low capacity loss. However, carbon anodes
do not meet a number of requirements for mo-
dern LIBs, since they have a low specific capa-
city (372 mA-h-g™), a low discharge rate, and a
relatively narrow operating temperature range
[1]. The development of new anode materials, cha-
racterized by high specific capacitances and den-

sity of discharge currents, is an urgent task. Al-
loy-forming materials are considered as an alter-
native to replacing carbon anodes, among which
the most promising are silicon, tin, and tin-con-
taining composite coatings, in particular alloys of
tin with nickel, cobalt, copper, zinc, antimony [2, 3].

The authors of [4, 5] proposed methods for
increasing the specific characteristics of carbon
materials when used in LIB by producing thin
films of Sn/C nanocomposites on the carbon
surface or by dispersing tin into an electrically

™ This work was carried out in the framework of the target research program of the National Academy
of Sciences of Ukraine ‘*‘New Functional Substances and Materials of Chemical Engineering”, project
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conductive microporous carbon membrane.

One of the simplest and most easily con-
trolled methods for producing coatings with me-
tals and alloys, which makes possible to control
their structure and functional properties, is elec-
trochemical deposition of complex electrolytes
from aqueous solutions [6, 7].

The morphology, structure, and, consequ-
ently, the properties of the resulting coatings are
affected by the electrolysis parameters and the elec-
trolyte composition, in particular, the compositi-
on of electrochemically active complexes (EAC)
directly discharged on the electrode [8, 9]. The
authors of [10-12] substantiated the criteria for
the selection of ligands for complex, including
multiligand, electrolytes and the conditions for
their compatibility in one coordination sphere du-
ring the formation of mixed-ligand complex com-
pounds. This allows one to control the braking
of the electrode process and, therefore, the struc-
ture and functional properties of the resulting
coatings [12, 13].

Earlier [14], we published the results of stu-
dies of thin tin films obtained from complex tar-
trate (KNatart), citrate (Nascitr), and citrate-tri-
lonate (Nascitr/Na,H,edta) electrolytes as LIB ano-
des. It has been shown that the nature of the
ligand determines such electrochemical characte-
ristics as the specific capacitance value and cyc-
ling efficiency. The most stable charge/dischar-
ge characteristics were obtained for tin sedi-
ments deposited from citrate electrolyte [14].

Of scientific interest is the study of elect-
rochemical properties (specific capacity, corrosi-
on resistance, and cycling efficiency in LIB) of
thin tin deposits obtained from pyrophosphate
electrolyte under various electrolysis conditions, as
one of the most promising anode materials for LIB.

The process of electrodeposition of tin(ll)
from a pyrophosphate electrolyte, unlike tartrate,
citrate, and citrate-trilonate electrolytes, is limited
by the previous chemical reaction of dissocia-
tion of the complexes [Sn(HP,0O;)(P.0;)]*> or

Sn(P,07),]%, composition of which is determi-
ned by pH [10]. This allows to control the
breaking of the electrode process and, therefore,
the morphology, structure and properties of the
obtained tin films, in particular their porosity. In
addition, pyrophosphate electrolytes are eco-
nomically more advantageous than, for example,
citrate or tartrate electrolytes.

In this regard, this work is devoted to the
study of the electrochemical properties of thin
tin deposits obtained from pyrophosphate elect-
rolyte under different electrolysis conditions.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Tin precipitates were obtained
on a copper foil substrate with a surface of 2 cm?
from a pyrophosphate electrolyte of the compo-
sition, g-I™: SnCly-2H,0 — 90, K4P,07-3H,0 —
425, NH,Cl — 50, at pH 7.2. Electrolysis was
carried out at current densities of 1-1.5 mA cm™
and temperature of 25 °C for 15-45 min. Pla-
tinum was used as the anode. For the preparati-
on of electrolytes, reagents of the analytical grade
were used.

Before applying precipitation, the surface
of the copper substrate was degreased with soda
and Viennese lime, etched and activated accord-
ing to the procedure [15], washed with distilled
water and dried at a temperature of 60 °C. The
electrolysis parameters were set using a P1-50-1
potentiostat and a PR-8 programmer. The elect-
rolysis was carried out under conditions of na-
tural convection. The mass of tin precipitation
was determined on an analytical balance "ADV-
200M” with an accuracy of +0.01 mg.

Electrochemical studies of the obtained tin
precipitates were carried out in disk cells of size
2016. A 1M solution of lithium bis-(tri-fluoro-
methane) sulfonimide (LiTFSI) in a mixture of
fluoroethylene carbonate and dimethyl carbonate
solvents taken in a mass ratio of 1:3 was used as
an electrolyte. As an auxiliary electrode and a
reference electrode lithium metal was used. Cel-
gard 2400 polypropylene film with thickness of

68 ISSN 0041-6045. YKP. XIM . XXYPH ., 2019, .85, Ne 10
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25 um was used as a separator. Working elect-
rodes with tin precipitates ( S = 2 cm?) imme-
diately before assembling the cells were dried in
vacuum at a temperature of 100 °C. All operati-
ons related to the preparation of electrodes, elec-
trolytes and cell assembly were carried out in
dry glove boxes.

Current-voltage characteristics were recor-
ded on potentiostat P-30 “Elins” at a sweep speed
of 0.5 mV-s, a temperature of 25+ 2 °C, and
a voltage range of 0.01-1.20 V. For galvanosta-
tic tests Neware Battery Testing System was used
with the appropriate soft-ware. The cycling was
carried out in the voltage range of 0.01-1.1 V at
currents from 100 to 500 pA-cm™.

The impedance curves of the two elect-
rodes cells with tin and lithium electrodes in
initial state and fully discharged (after the first
lithiation) state were obtained at the frequency
range from 0.08 Hz to 50 kHz and amplitude of
applied voltage of 10 mV. The experiment was
carried out after establishing a constant value of
the open circle voltage (OCV) in the cells.

The process of incorporation of lithium in-
to tin proceeds according to the mechanism of
alloy formation and is characterized by multista-
ge processes [16]. The maximum specific capa-
city of the tin electrode in the interaction with
lithium is 994 mA-h-g™, which corresponds to
the formation of an alloy of the composition
Lis4Sn. The mass of tin precipitation obtained
from pyrophosphate electrolyte, and the electro-
lysis parameters are presented in table 1.

A typical cyclic current-voltage curve of a
tin electrode obtained at a sweep speed of 0.5
mV-s™ is shown in fig. 1. There are several ca-
thode and anode peaks on the curve. The ca-
thode peak in the potential region of 0.68 V is
associated with the formation of a solid electro-
lyte interface (SEI) on the tin surface [17], the
formation of which prevents further decompo-
sition of the electrolyte. A large peak at a poten-
tial of ~0.3V corresponds to the formation of

Table 1

Parameters of dectrolyss and mass of tin preci-
pitation obtained from pyrophosphate eectrolyte

Sam- Electrolysis | Current Mass of | Current
le duration, density, | precipitate, | effici-
P min mA-cm? | mg-cm? | ency, %
1 15 1.0 0.25 44.7
2 15 15 0.27 33.0
3 30 1.0 0.51 45.7
4 30 15 0.53 31.8
5 45 1.0 0.78 46,7
6 45 15 0.87 34.8
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Fig. 1. Typical current-voltage curve of atin
electrode at the potential sweep rate of 0.5 mV-s™,

analloy of lithium with tin. Peaks on the anode
branch of the current-voltage curve at potenti-
als of 0.68, 0.75, and 0.84V are associated with
the reverse process, which is characterized by
the formation of intermetallic compounds of dif-
ferent phase composition [18].

The galvanostatic charge/discharge curves
of Sn electrodes with a mass of 0.25-0.87 mg-
cm™?, obtained in the first cycle, are shown in
fig. 2. For efficient cycling, the range of charge/
discharge voltages, in accordance with the volt-
ammetry data, was set in the range from 0.01 to
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Fig. 2. Discharge/charge curves of the first cycle
at the cycling current density of 100 pA cm™ for
Sn-electrodes. The numbers on the curves cor-
respond to the numbers of the samples in table 1
(the same is presented in fig. 4,5).

1.1 V. This allows to reduce the ireversible loss
of capacity during the introduce-tion/extraction
of lithium, which occurs at a vol-tage above 1.5
V [19]. According to published data [20], fusion
of lithium with tin proceeds with the formation
of seven intermediate phases, the theoretically
calculated potentials of which, depending on
the phase composition, are in the range of 0.76-
0.38 V. However, the real potentials correspon-
ding to phase transitions are determined not only
by thermodynamics, but also by kinetic cons-
taints, depending on the conditions for obtaining
precipitation and the conditions of the cathodic
process. The voltage of the site on the presented
cathode curves corresponds to 0.4-0.45 V, and
its length is in the range from ~200 to ~500 mA
h-g and depends on the weight of the preci-
pitate and electrolysis conditions. The further pro-
cess of alloy formation is characterized by a gent-
le curve. The anode curves are more complex
and have several kinks at voltages of 0.58, 0.71
and 0.78 V, which are close in magnitude to the
potentials of the anode process (fig. 1).

The corresponding values of the specific

Table 2

Specific capacities and coulombic efficiency of Sn-
electrodes at thefirst cycle

Quischarge * Qcharge ™ Coulombic
Sample ) ioi 0
mA h-g efficiency, %

1 860 602 70

2 1029 733 71

3 928 588 63

4 1151 802 70

5 1087 737 68

6 1158 830 72

* Q, mA-h-g™ — specific capacity of tin films on
the first cycle.

capacities of the discharge and charge, as well as
the coulombic efficiency in the first cycle for the
studied electrodes are presented in table 2. The
obtained values of the discharge specific capa-
city are in the range of 860-1158 mA-h-g*, and
their analysis indicates an increase in specific
capacity with increasing mass of sediment. Cor-
responding charging capacities range from 602
to 830 mA-h-g—. The relatively low value of
coulombic efficiency (63-72 %) in the first cyc-
le of lithium incorporation and extraction is as-
sociated with side processes caused by the for-
mation of SEI and the decomposition of elect-
rolyte [5]. However, already from the second cy-
cle, the coulombic efficiency increases to 90 %.
Fig. 3 shows the dependence of the spe-
cific capacity of tin precipitates obtained at elec-
trolysis currents of 1.0 and 1.5 mA-cm™ during
the first lithiation on their mass. The obtained de-
pendences in both cases are not linear, which im-
plies a decrease in the utilization coefficient of the
tin precipitate when a certain mass (thickness) is
reached at different cyclic current densities.
The results of galvanostatic cycling of tin
electrodes (samples 1-4) at differen t discharge
current densities are presented in fig. 4. The mi-
nimum loss of specific capacity both within one

70 ISSN 0041-6045. YKP. XIM . XXYPH ., 2019, .85, Ne 10
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Fig. 4. Cycling performance of Sn-electrodes at

different discharge currents (charge current— 100
pA-cm?).

discharge current and with its increase from 100
to 500 pA-cm™ was obtained for sample 1,
which is characterized by a minimum sediment
mass of 0.25 mg-cm™2. Sample 2 with almost the
same mass of the tin film (0.27 mg/cm?), as
follows from fig. 4, is characterized by a signifi-
cantly larger loss of specific capacity during pro-
longed cycling. This is apparently due to the dif-
ferent morphology, structure and properties of
tin films, primarily their porosity, obtained at
two different polarizing current densities. With
increasing deposition current density (sample 2),
the porosity of the tin film and its stability du-
ring long-term cycling decrease. For the remai-
ning samples, an increase in the rate of decrease
in specific capacity with an increase in the mass
of precipitation is observed. At the same time, in
all cases, at later stages of cycling, relative sta-
bilization of the specific capacity is observed,
which after the 60 cycles is in the range from
470 to 710 mA-h-g ™. The corresponding dischar-
ge/charge curves of the final cycles are pre-
sented in fig. 5.

The profile of charge/discharge curves chan-
ges significantly in comparison with the curves
of the first cycle (fig.2). The kinks observed on

U

06 F
0.4k
0.2k

00

0 20 400 B 800
0. mA-Wg

Fig. 5. Discharge/charge curves of the 60" cycle
at the cycling current density of 100 pA cm™ for
Sn-electrodes.

ISSN 0041-6045. YKP. XIM . XXYPH ., 2019, 1.85, Ne 10 71



Yu.V. Shmatok, N.l. Globa, V.M. Nikitenko, E.A. Babenkov,

V.S. Kublanovsky

the corresponding curves of the first cycle at the
end of the cycle are smoothed. These differences
are associated with a change in the structure of
tin deposits and the release of the electrode to a
more stable cycling mode. This is confirmed by
a decrease in capacity loss during cycling in la-
ter charge/discharge cycles.

Comparison of the obtained results with the
data of [14] indicates that the specific capacity
of tin films obtained from pyrophosphate elec-
trolyte is significantly higher compared to the ca-
pacity of tin films obtained from citrate-trilonate
(750 mA-h-g™), citrate ( 500 mA-h-g™) and tar-
trate (400 mA-h-g™) electrolytes. Higher specific
characteristics of tin precipitation during lithium
incorporation and extraction may be due to the
difference in the mechanism of their electrolytic
production. The process of electrodeposition of tin
(I from a pyrophosphate electrolyte is limited by
the previous chemical reaction of dissociation of
the unprotonated complex [Sn(P,0-),]%" [10]:

[Sn(P207)2]> «> [SnP,07]> + P,0O;",

that allows you to control the morphology, struc-
ture and quality of the obtained tin sediments,
especially their thickness and porosity.

The influence of electrolysis conditions on
the effective resistance of tin electrodes is deter-
mined. For studies, we used cells with the initial
(unlithiated) Sn electrodes and cells after the
first cycle of lithium intercalation (lithiation) to
a voltage of 0.01V.

The impedance spectra of the original cells
in the Nyquist coordinates Z" —Z"", where Z’
and Z"" are the real and imaginary components
of the impedance, respectively, are shown in fig.
6, a. The presented curves are characterized by
two sections: the first is in the high-frequency
region (from 50 kHz to 1 Hz), and the second in
the frequency range from 1 to 0.08 Hz. The
initial resistance value obtained by extrapolating
the hodograph to the real Z* axis at a frequency
of 50 kHz is responsible for the resistance of the
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Fig. 6. Impedance spectra of the Li-Sn system in
Nyquist coordinates before cycling (a) and after the
first discharge (b).

electrolyte layer (Rel) in the interelectrode spa-
ce and the separator. The value of this resistance
for all the studied electrodes is quite close and is
about 2 Ohm. Using the well-known equation
k = I/S'R, where k is the conductivity, | is the
thickness of the electrolyte layer (corresponds to
the thickness of the separator —2.5:107 cm), S is
the electrode surface (2 cm?), and R = Rq, the
conductivity of the electrolyte layer was calcu-
lated, which is ~0,6:107> mS-cm™, which is clo-
se to the conductivity of the electrolyte in the
layer of the Celgard 2400 separator [21].

The dependences obtained in the high-

72 ISSN 0041-6045. YKP. XIM . XXYPH ., 2019, .85, Ne 10
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frequency region can be considered as a curve in
the form of an incomplete arc. At low frequ-
encies, this curve turns into a straight line with
tilt angles of 48° and 41°, respectively, for pre-
cipitation with a tin mass of 0.25 and 0.27 mg
cm (curves 1 and 2). This tilt angle may be due
to the presence of slight diffusion limitations.
An increase in the mass of tin sediment leads to
an increase in tilt angles that are 69—-73°, which
indicates the presence of polarization phenome-
na associated with the accumulation or adsorp-
tion of charged particles on the surface of the ele-
ctrode. This type of impedance curve is charac-
teristic for ionistors in which the main electro-
chemical processes occur due to adsorption-de-

Table 3

sorption of charged particles and the absence of
Faraday processes [21]. It should be noted that
the source electrodes have sufficiently large re-
sistances, which reaches several thousand Ohm.
This can be caused by the presence of an oxide
film formed on the surface of tin sediments after
their obtaining, dry ing and storage.

The impedance spectra of electrochemical
cells after the first cycle of lithiation of Sn-elec-
trodes are significantly different from the initial
ones, both in nature and in the resistance of the
active and reactive parts of the impedance curve
(fig.6, b). They consist of semicircles capturing
a high frequency region, turning into samples 4
and 6, the impedance curves inthe low frequ-

Resistance of the active and reactive parts of the impedance of the studied electrolytic

precipitations of tin

Initial sample (OCV-2.2 V)

Sample after 1% discharge to 0.01 V*

sample f, Hz 7,0 -2, Q f, Hz AN -2, Q
1 50 000 2.23 3.14 50 000 8.48 2.65
1 1053 793 10 47.17 1.891
0.08 2965 3000 0.1 58.6 32.42
2 50 000 4.87 4.39 50 000 9.47 9.48
1 2068 1485 10 94 4
0.08 5305 4419 0.1 110 34.9
3 50 000 2.3 1.55 50 000 5.21 3.1
1 1645 2920 10 42.4 1.71
0.08 6963 21640 0.1 50.64 24.38
4 50 000 2.32 1.91 50 000 75 7.72
1 2314 3433 10 61.36 3.15
0.08 9691 22500 0.1 73.4 15.86
5 50 000 2.29 7.7 50 000 4.94 3.56
1 1763 2960 10 42,6 1.28
0.08 7344 21080 0.1 48.96 10.7
6 50 000 2.31 1.88 50 000 6.65 8.24
1 1798 2472 10 82.8 6.09
0.08 6702 17000 0.1 100 12.04

* The values of OCV of discharged cells: 1-0.315V, 2-0.347, 3-0.487, 4-0.441,5-

0.396, 6 -0.391 V.
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ency region have an additional section in the
form of a small semicircle. The semicircle in the
high-frequency region is characteristic for many
lithium systems in which a passive film is for-
med on the lithium electrode, the nature and cha-
racter of which depend on the composition of the
electrolyte and the state of the electrodes [22, 23].
Such character of the impedance spectra,
according to the authors of [24], allows to sepa-
rate the stages of electrochemical processes, the
first of which corresponds to the transfer of lithi-
um cations across the electrode/electrolyte inter-
face taking into account the formed SEI, and the
second stage of the process is the diffusion of lithi-
um incorporated into the Li,Sn alloy. The pre-
sence of a second semicircle in the impedance cur-
ves for electrodes with maximum tin deposit
mass indicates the formation of an additional so-
lid electrolyte layer on their surface. As a result,
the resistance of such electrodes increases in
both the high and low frequencies. The angle of
inclination of the straight line at low frequencies
is greater than 45°. The authors of [25], who stu-
died the impedance spectroscopy of thin tin de-
posits during the incorporation and extraction of
lithium, showed that an inclination angle of 45°,
corresponding to the limiting stage of diffusion,
is characteristic only at a voltage of 0.65 V. At mo-
re positive potentials, other processes including
the accumulation of charge, which causes the de-
viation of the slope of the curve in the low-fre-
quency region from 45°, limit lithium diffusion
in the tin structure.
Table 3 shows the values of the resistances
Z" and Z"* depending on the frequency for the stu-
died Sn electrodes. The electrodes obtained at a
current density of 1 mA-cm™ (1, 3, 5) are charac-
terized by lower resistance of the active part of
the impedance than the electrodes obtained at a
current density of 1.5 mA-cm™, with almost the
same mass of tin precipitation. All the studied
electrodes after the first lithiation cycle are cha-
racterized by an increase in resistance at a frequ-

ency of 50 kHz, which may be due to a change
in the porosity and thickness of the deposit be-
cause of the introduction of lithium. This is in go-
od agreement with the fact that with the introduc-
tion of lithium into tin and the formation of the
Lis4Sn alloy its volume increases to ~ 300 % [26].

CONCLUSIONS. Thin electrolytic fine se-
diments were obtained from pyrophosphate elect-
rolyte under different electrolysis conditions and
its duration. Electrochemical tests of the obtai-
ned tin deposits as the anode material for LIB
showed that the samples under study have a high
initial specific capacity ranging from 860 to
1158 mAh-g™ and are characterized by different
stability during long-term cycling. Tin deposits with
a minimum mass deposited at a current density
of 1.0 mA-cm™ demonstrate the best stability of
the specific capacity during long-term cycling,
including when discharged by different current
densities. For the remaining samples, the loss in
specific capacity increases with increasing mass
of tin sediment.

The impedance spectra recorded for the ini-
tial Sn electrodes and after the first lithiation
have different shapes and values of the corres-
ponding resistances, which indicates differences
in the passage of the main processes in a system
with a tin electrode depending on the mass of
the coating.
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MertonamMi TMOTEHIIOAMHAMIYHOTO Ta TalbBa-
HOCTaTHYHOTO ITMKIyBaHHSI B 1M ¢TopeTminenkap-
OOHAT-TUMETHIIKapOOHATHOMY pO34MHI  Oic-(TpH-
¢ropmeran)cynbdoniminy mitito (LiTFSI) B eme-
MEHTaX TUCKOBOI KOHCTPYKILii 3 rabapuramu 2016
JOCIIDKEHO eJIeKTPOXIMiYHI XapaKTepUCTUKU (TIH-
TOMa €MHICTh, TYCTHHA 3apsA-pO3PSTHOTO CTPYMY,
KOpO3iifHa CTIHKICTh, €(DEKTUBHICTH IIUKITYBAaHHS) OJIO-
B’SHUX TOKPUTTIB SK aHOJHHX MaTepiaiiB JIiTii-
ioranx akymynaropiB (JIIA). EmekrpomniTiuHi TOHKI
IUTIBKK OJIOBAa OTPHMAaHO Ha MIiTHIA MigKmam 3
nipodocdarnoro enekrponity npu pH 7.2, pizHHX
pPEKUMax eNeKTpOJi3y Ta Horo TpupajocTi. Bcera-
HOBJIEHO BIUIUB BJIACTHBOCTEH IMOKPHUTTIB, 30KpeMa
iXx Macw, Ha BENIMYMHY HHUTOMOi €MHOCTI Ta ii cra-
OLITBHICTB, Yy TOMY YHCII TPU PO3PAIl PI3ZHOIO TYCTH-
HOo cTpyMmy. [lokazaHo, mio mporec iHTepKaysLii-
JICIHTEPKAJIAIIT JITiI0 BiIOYBAa€ThCA HE HA MOBEPX-
HI eJIeKTpoja, a Mo BCid TOBUIMHI IUIiBKU. Jlocmiz-
KyBaHI IUIIBKH OJIOBA MAalOTh BHCOKY ITOYaTKOBY
MUTOMY €MHICTb, OJIM3bKY O TEOPETUYHO MOXKIMBOT
(994 MA 4T, i 3maTHi Ge3 MexaHidHOrO pyifHy-
BaHHs 3a0e3meuyBaTH BHCOKY TYCTHHY 3apsa-po3-
psamHOrO cTpyMy. MakcuMmanbHa CTaOibHICTh TIH-
TOMOT €MHOCTI MpH LWKIyBaHHI XapakTepHa s
OJIOB'SSHUX €JIEKTPO/IiB 3 MiHIMAJIbBHUMHA MacaMH Oca-
niB. KynoniBcbka e(eKTHBHICTH Sn-eleKTpOoIiB Ha
NEepIIOMY LHKJII MPAaKTUYHO HE 3aJeXKHUTh BiJ TOB-
IIMHA TUTIBKM oyioBa | ctaHoBuTh 70 %, Hamami
nigBuinyeTrbes 10 90 % . I[IpoaHani3oBaHO CHEKTPH
IMIIEAAHCYy, 3HATI Ui JTOCTIKYBaHHX EJIEKTPOIiB
y TOYaTKOBOMY CTaHI Ta IICJIA TEPIIOTO ITUKITY-
BaHHS (JiTyBaHH:). CIIEKTpU IMIIeTaHCy, 3HATI I
MOYATKOBUX SN-eNEKTPOMIB 1 MICIA MepIIoTo JTy-
BaHHs, MalOTh pi3HY (GOpMy Ta 3Ha4YEeHHS BiAmoO-
BIJTHMX OMNOpIB, IO BKa3y€ Ha BIIMIHHOCTI B TpO-
XOJDKEHHI OCHOBHHMX MPOIIECIB Y CHCTEMI 3 OJIOB'S-
HUM EJIEKTPOJOM 3aJIEKHO BiJ Macu NOKPUTTS.

Kno4oBi ¢ 10 B a: eneKTpoocaKeHHs, IIi-
podocdaTHi eneKTpoIiTH, IUIBKKA OJIOBA, MMHTOMA
€MHICTb, OOOPOTHICTB, JNITIH-IOHHUH aKyMyJSTOp.
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ONEKTPOIINTHIECKHE TOHKHE OCaJKH OJIoBa MOJy-
YeHbl U3 MUPOQOCHATHOTO AIEKTPOIUTa TIpU pas-
HBIX pEeXHUMax 3JIEKTPOJIA3a U €ro JJIUTEIbHOCTH.
Metogamy NMOTEHIMOANHAMHYECKOTO M TaJIbBAHO-
CTaTHYECKOTO IUKIMPOBAHHUSA HCCIEAOBAaHBl DIIEK-
TPOXUMHUYECKUAE XAPAKTEPUCTUKHU OJOBSIHHBIX IIO-
KpBITUH KaK aHOJHBIX MaTEPHUAJIOB JINTUH-HOHHBIX
aKKyMYJIITOPOB. Y CTAHOBJIEHO BIMSHHE CBOMCTB IO-
KpBITUI, B YaCTHOCTU MX MAcCChl, HA BEIUYUHY yJe-
JPHOH €MKOCTH M €€ CTaOWIBHOCTh, B TOM YHCIE
IpH paspsie pasHbIMH IUIOTHOCTSAMH ToKa. Ioka-
3aHO, YTO HCCJIEAYEMBIE OCAIKH 0JIOBA MMEIOT BbI-
COKYIO HayaJbHYI0 YIENBHYIO €MKOCTb, OJIM3KYIO K
TEOpPEeTUYECKH BO3MOXHOW. MakcuManpHas CcTabu-
JBHOCTh yIEIBHON €MKOCTH NpH IHUKJINPOBAHUH Xa-
pakTepHa ISl 3JIEKTPOJOB C MUHHMAIbHBIMH Mac-
camu ocaakoB. IIpoaHanu3upoBaHbl CIIEKTPBI UMIIE-
JIaHCa, CHATBIE JUISI UCCIIEyEMBIX NIEKTPOAOB B MC-
XOZHOM COCTOSTHMH M TIOCJIE IEPBOTO TUTHHPOBAHUSL.

KnrogeBBle ciao0Ba: d3MeKTpOOCAXKACHNE, TTH-
podochaTHbIN 3MEKTPONUT, TUICHKH OJI0Ba, YICIb-
Hasi €MKOCTh, OOpaTUMOCTh, JINTHI-WOHHBIN aKKy-
MYJIATOP.
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3anpornoHoBaHo pigkogpasHuii Meron cuutesy LiFePO, y cepenmoBumi XomiH Ximopumy Ta
JTIETHJICHTIIIKONIO i JI€F0 MIKPOXBHJIBOBOTO HarpiBy. 3 motyxHicTio HBY-BunpominroBan-
a1 920 ta 1150 BT orpumano naHokpuctamigauii LiFePO, 6e3 momimok. [IInsgxom Bigma-
ny LiFePO, 3 rmroko3oi0 abo S0Iy4YHOIO KHCIOTOIO CHHTE30BAHO BYIJICLIEBUH KOMIIO3HUT
LiFePO,/C. 3usT0 paMaHiBCBKi CITEKTPH OAEPKaHMX KOMIIO3MTIB Ta BH3HAYEHO, 10 BHOIp op-
raHiYHOTO TPEKYpCOpy He BIUIMBAE Ha mpupojay ByrieneBoro nokputts (Ip/lg ~ 1). €EmHicTs
kaTomHOro Mmarepianmy Ha ocHoBi LiFePO,/C cranoButs ~130 MA-Ton/r misa crpymy 0.1C.

KnmoaoBi cmo B a mrid-ioaHi Oarapei, LiFePO,/C, HBY-cunTe3, pamaHiBCbKa CITEK-

TPOCKOITIsI.

BCTVII. Hapa3i enekTpoMmarHiTHe BUIIPO-
MiHIOBaHHsI HaaBucokodacToTHoro (HBY) miama-
30HY 3 yactoToro Big 2 g0 20 I'Tm 3acrocoBy-
€ThCS U1 OTPUMAaHHsS 0araThOX HEOPTaHIYHUX
cronyk, 30kpema i Jitii pepym(Il) docdary [1].
BukopHcTOBYIOTH IpH IIbOMY JIBa i IXOI — TBE-
proda3Huii CHHTE3 1 CUHTE3 Y PO3YUHi. Y MOBOIO
posirpiy npu HBU-cuHTe3i € mornuHaHHS HaI-
BHCOKOYAaCTOTHOTO BUITPOMIHIOBAHHS PEaKIIiii-
HUM CEpEeJIOBHILEM, /1€ MOXKIIUBO JIEKUIbKa Me-
XaHi3MiB HarpiBy. ¥ TBepAo(a3HOMY CHHTE31 He-
0OXiJTHI peareHTH, IO MalOTh EJIEKTPOHHY abo
ioHHY TIpoBiAHICTE. [Ipu cHHTE31 B po3unHaxX BU-
KOPHUCTOBYIOTh J1Ba THUIIM PIiJWH: TOJSIPHI PO3-
YMHHUKU Ta 10HHI piauHH. B monspHux cepe-
JIOBHUIIIAX PO3IrpiB BiIOYBAETHCSA MO MEXAHI3ZMY
JUTIONBHOT MOJISIPU3allii, 0 BHHHUKAE Yepe3 OC-
MU0 TATIONIB MOJIEKYJI MPHU iX B3aEMOJIT 3
HBY-BunpomintoBanHsM. KonuBaHHS MOJEKYI
po3unHHuka B HBU-momi nepenaerbes B peaxiii-
HEe CepeIoBHIIE Y BUTIISII TICIEKTPHYHUX BTPAT
1 MOJIEKYJIIPHOTO TEPTS, 110 B pe3yJIbTaTi PUBO-

© B.A.Tamarvs. C.M. MansoBauwuii. E.B. ITanos,
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TUTHh 10 BHJIUICHHS Teruia. [OHHI cepeoBHINA
Kpaiie MiIXOoAiTh JUIsl TMEPETBOPEHHSI MIKPO-
XBUJIBOBOTO BUIIPOMIHIOBAHHS B TEILIO, HIXK TO-
JISIpHIi, Yepe3 CHIbHY B3a€MOJII0 10HHHUX PiJIUH 3
MOJIEM HaJIBUCOKOYACTOTHOT'O BUIIPOMIHIOBAHHS
3a paxyHOK 10HHOI TpoBigHOCTI. OgHAK MIUPO-
KoMacmTabHa peajizallis IOHHUX PiIUH Yy MiK-
POXBHJILOBOMY CHHTE31 YCKIIQJIHIOETHCS 1X UyT-
JMBICTIO J0 TIOBITPS 1 BOJIOTOCTi, TOKCHUYHICTIO
Ta BHCOKOIO BapTICTIO JnesakuX 3 HUX [2]. Tomy
HEOOXIIHI MOJNANbBII TOCTIKEHHS ISl TIOUIYKY
CEpEeIOBHIIN, SIKI 30epiraroTh mepeBard i He Mi-
CTATH HEJIONIKIB TPAJAUILIHHUX 10HHUX pinuH. Ha
HAIIl TIOTJISI/, OJTHUM 3 TaKUX MEPCIIEKTUBHUX pe-
AKIIHHUX CEPEIOBUII € HOBE MOKOJIIHHS 10HHUX
pinun — DES (deep eutectic solvents — rim6o-
KO €BTEKTHYHI PO3YMHHUKN), 110 YTBOPEHI 3 XO-
air xmopuay (ChCl) i gietnnenrmikomo (DEG).

Jns ChCI-DEG xapaktepHa HH3Ka 0CO0-
JUBUX BJIACTHBOCTEH, SIKi BUTIIHO BiJIPI3HIIOTH
iX BiJ IHIIMX 1IOHHUX PiJIMH: BOHM JICIIEBi, HETO-
KCUYHI, HaJ3BUYAWHO MPOCTI B MPUTOTYBaHHI.
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Cunmes nanoxpucmanie LIFEPO, y cepedosuwi ionnoi piounu 3 euxopucmannsm HBY-nazepisy

Kpim Toro, DES na ocnoBi ChCl ta DEG nerko
PO3YMHSIOTh OKCHJIM W COJli O0araThb0X METaliB,
K1 € MaJo Y 30BCIM HEPO3YHHHI B 1HIIMX PO3-
yuHHUKaX [3, 4].

3 BHKJIQJICHUX BUIIE MipKyBaHb JJSI CHH-
te3y HaHokpuctaniB LiFePO, Hamu oOpaHO 10H-
Hy piguny ckiaany ChCI-DEG. s xomOinaris
MPUBOJIUTH J0 YTBOPEHHSI CyMIllll 3 BiTHOCHO BH-
cokoro Temreparyporo kuminHs (~250 °C) 1 Hu-
3bKUM THUCKOM IapiB, @ HasBHICTh BUIbHUX 10HIB
ta nossipHoi pinuau DEG no3Bonse Bukopucro-
BYBaTH JIBA MEXaHI3MU HarpiBy: JI€JIEKTPUYHI
BTPaTH B MOJISIPHIA PiIUHI (AMUIIOJIBHA MOJSPU-
3alisl) Ta 10HHY NMPOBIAHICTD, SIKa A0OpPE MiJIX0-
JUTb [l CTBOPEHHSI CepelOBUILA MiKPOXBHIIbO-
BOTO CHHTE3Y.

3ajayaMu 1aHOi POOOTH € BUBYEHHS B3a-
emoii mpexypcopiB B ioHHiH piguHi ChC-DEG,
BCTaHOBJICHHS ()a30BOTO CKJIALy, CTPYKTYPH, MOP-
doorii MPOIyKTy CHHTE3Yy, BIUTUBY OpraHIYHO-
ro IpeKypcopy Ha MPUPOJY BYIJIELIO NPH CHH-
te3i komnosuty LiFEPO./C, a Takox enekrpo-
XiMIYHE TECTyBaHHS KaTOIHOTO Marepialy Ha
ocHoBi otpumanoro LiFePO,/C.

EKCIIEPUMEHT I OFI'OBOPEHHA PE-
3VJIPTATIB. Cunre3 LiFePO, npoBoaniu Hac-
TynHUM 4MHOM. CyMIlI Ji€THJICHTIIIKOIIO 1 XO-
JIH XJIOpUAY MOMIIIAIU B KOHIYHY KOOy Ta 3a
JIOTIOMOT'0I0 MIIIAJIKK 3 TEPMOPETYJISITOPOM TIe-
PEMIITyBaIM POTSTOM TOAWHU TIPH TEMIIEpaTy-
pi 80 °C 3i mBuakictio 300 06/xB. [licis doro
nonaBanu amoHiit gepym(Il) docdart, anerune-
HOBY CaKy Ta alleTaT JIITiI0, MepeMilllyBaiu Ie
30 xB Ta noMiljaJyd B MIKpOXBHJILOBY Mi4. CuH-
TE3yBaJll B PI3HUX PEXKHUMaxX MiIKPOXBHIBLOBOTO
HarpiBy, Jie BapitoBajach notyxHictb HBY-Bu-
NPOMiHIOBaHHA Ta 4yac HarpiBy. [Ipu Takomy Ha-
rpiBl 3 BUKOPUCTAHHSAM IOTYXHOCTI eyl B Jiia-
na3oHi 460-690 Bt (40-60 xB) y peaxiiiro BCTy-
Ta€ JIMIle YacTUHA BUXIAHUX peareHTiB. [Ipo e
CBIJUMTH HASBHICTh Ha TUQPPAKTOrpamMi ICKPaBO
BUpaxkeHoro miky amodiii ¢epym(Il) docdary
npu 20 ~10° (puc 1, a—6), iHII MKA BiAMOBi-
narotb LiFePO,.
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Puc. 1. PenTtreHorpaMu OTpHMaHHX ITOPOIIKIB IPH
PI3HHX peXHMax MIKPOXBHIBOBOTO HarpiBy: TIO-
TyxkHicTs 460 Bt (a); 460-690 (6); 690 (6); 920 (2);
1050 Bt (0) ta Bimnanenoro kommo3uty LiFePO,/C.

Cuntes 3 notyxHicTio 920 Bt oOmexyBa-
Bcs ~20 , a 3 motyxHicTio 1150 BT ~10 xB, mo
70 6 pa3iB MIBHJIIE y MOPIBHAHHI 3 TEPMIUHUM
cunTe3oM [5]. Taka IHTEHCHBHICTH HarpiBy 3a0e3-
Heymnsia JOCTaTHIO TeMIepaTypy i, IK pe3yJsbTar,
— TIOBHY B3a€MOJII0 BHXIJHUX pPEareHTiB 1 yT-
BopeHHs1 LiFePO,. Ane HasBHICTH NuIlIe Haid-
OUIBII XapaKTepHUX YLIUPEHUX MIKIB JITiH ¢e-
pyM(II) docdary cBiqUUTH TPO MPUCYTHICTH aMO-
pHOTO MPOAYKTY B OTPUMAHUX OCajax, Mo IMo-
TipIIy€e eNeKTPOXiMiuHI XapaKTEePUCTHKH KaTo-
na. ToMmy cuHTe30BaHI MOPOLIKM MOTPEOYIOTh
TEPMOOOPOOKH JIsi 3MEHIIEHHS BMICTY aMmop-
¢uoi pazu. Sk 6aunmo 3 peHtreHorpamu (puc. 1),
komno3uT LiFePO4/C, orpumanmii nuisxom Bij-
Majy TOpPOIIKY, CHHTE30BAHOTO 3 MaKCHMalb-
HOIO TOTYXKHICTIO MiKPOXBHJIbOBOI TIedi, BiATO-
Bimae cranmapty JCPDSNo: 00-40-1499. Ilpu-

CYTHI HE3HauHi MIKK JAOMIIIOK, 110 YTBOPHIIUCS

JKYPH ., 2019, .85, Ne10 79



Cunmes nanoxpucmanie LiIFEPO, y cepedosuwi ionnoi piounu 3 euxopucmannusim HBY-nacpisy

mig gac Bigmamy (700 °C, 12 rom). Taki ped-
JIEKCH T03HAYCHI Ha PEHTTeHOIpami, BOHH Bij-
[IOB1IAI0Th L13P04, Li3F€2(PO4)3, FEQOg, BCl 1H-
ur mika xapakrepHi aas LiFePOy,.

3 SEM-300paxenns (puc. 2) BUAHO, IIO
CHHTE30BaHUI MOPOIIOK Ma€ IUIACTHHYACTY MOP-
donoriro — TaKy K, K 1 s 3pa3KiB, CHHTE30-
BaHMX IIPU TePMiYHOMY Harpisi [5]. Ane y Buna-
JIKy BHUKOPUCTAHHS MIKPOXBUJIBOBOI'O OIPOMI-
HEHHS TUTACTUHU MaloTh MeEHIHi po3mip. Lle
CBITYHMTH TIPO T€, 110 MEXAHI3M peaKilii CHHTE3y
LiFePO, ne 3mintoeTbest mpu HBU-cunTesi, ane
HIBHJIKICTh YTBOPEHHS IIIITBOBOTO MPOAYKTY CyT-
TEBO 3pOCTa€ — 3 1 TOAMHU MPU TEPMIYHOMY Ha-
rpiBi 10 10 XBUJIMH NpH CHHTE31 13 3aCTOCY-
BaHHSIM EJICKTPOMArHiTHOTO BHUIIPOMIiHIOBAHHSI.

Puc. 2. SEM-306paxenns kommo3suty LiFePO,/C.

I3 BUKOpUCTAHHSAM PaMaHIBCHKOI CIIEKTPO-
CKOMIii BUBYEHO MPHUPOAY KapOOHOBOTO MOKPUT-
T Ha Kpuctani LiFePO,. Cnektpu xomOiHalli-
HHOTO pO3CitOBaHHS JUIsl JBOX 3pa3KiB, IO Mi-
CTATh B AKOCTI JDKepena BYIJICHIO TIIOKO3Y Ta
S0JIlydHy KHCJIOTY, Mpe/CTaBieHi Ha puc.3. 3pa-
3ku LiFePO4/C noka3yrooTh ABl IHTCHCUBHI IIH-
poki cmyrH 3 mikamu npu ~ 1340 1 1600 oM™, ski
3a3BUYAl CIIOCTEPIraroThCs B HEBIIOPSIKOBAHIN
caxi i mo3HauyarThes sk cmyru DiG [6, 7].

BigHomieHHsT MakCUMyMiB 1HT€HCHBHOCTEMH
cmyr D 1 G mae 3nauenns 1.06 qis matepiany 3
rimoko30t0 Ta 1.01 — mis LiFePO4/C 3 s6myu-
HOIO KHUCIIOTOIO, 1[0 € XOPOIUINM PE3yJIbTaTOM 1
CHIBBIJHOCUTHCH 3 JAHHUMH I1HIIUX JOCHIIKEHD
kap6oHoBoro mokputtsi LiFePO4/C (Ip/lg = 0.6—
3). 3a10BiIbHI [OKA3HUKK BiXHOLICHHS SP°/SP
kapObony — 2.23 ta 2.21 ana mopouiky, Biama-
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Puc. 3. PamaniBcwrki crnektpu LiFePO4/C, otpu-
MaHOTro Iichs KapOoHizamii s0iyyHol KuciaoTH (a)
Ta TIoKo3n (6).

JICHOTO 3 TITFOKO3010 Ta SOJIYIHOT KUCIOTOO BijI-
noBinHO [6-9]. 3HATO 3apsia/po3psaHi XapakTe-
PHCTHKH KaTojJa Ha OCHOBI orpumaHoro LiFe-
PO4/C (puc. 4).

Ha rajnpBaHOCTaTUYHUX KPWUBHUX B oOJac-
Ti moreHuianis 3.4-3.5 B npucyTHe miaro, 1o
XapaKkTepHu3ye IPOLEeC 1HTEPKAJISLI/ IeiHTepKaIs-
1111 HOHIB JIITIFO B MaTepiall KaToja. EMHICTh Ma-
tepiary ~130 MAroa/r mis ctpymy 0.1C.

E.B
4.0 1

35-\

3,04

2,51

0 25 50 75 100 125 150
Q. mArom/T

Puc. 4. TanmpBanocTaTnuHi KpuBi enekrpona LiFe-
PO,/C B 1M po3zuuni LiPFs y EC:DMC (1:1) npu
ctpymi 0.1 C.
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BUCHOBKH. Cunte3oBano LiFePO, 3 Bu-
kopuctanusMm xouiH xjopunay (ChCl) 1 mieru-
nenraikono (DEG) B sikocTi peakiiiiHoro cepe-
nmosuta. ITokasaHo, 110 CHHTES IIiJ OI€H0 €IEKT-
POMAarHiTHOr0 BUIPOMIHIOBAHHS J03BOJISIE OTPH-
matu LiFePO, 3a 10 xBunmH, 110 B 6 pa3iB MIBU-
nme TepMiuHoro Bapianty cuntesy B ChCI-DEG.
[TponyxToM cunTe3y npu nortyxuHocti HBY-Bu-
npomintoBadHs 920-1150 Bt 1 wacy nHarpiBy 20
—10 xB € Hanokpuctaniynuii LiFePO,, npore Ta-
KOXK MPUCYTHSI aMopdHa ¢a3a, 1110 3yMOBIIIOE I10-
TpeOy BUCOKOTEMIIEPaTypPHOIO BiANay, pe3yJib-
TaTOM SIKOrO € He3HauHi goMimku LisPOs, LisFe,-
(PO4)s3, Fe;03. BusznaueHo, mio He3alle)KHO Bij
TUITy OPTaHIYHOTO MPEKYpCcopy (SIOIydHA KHUCIIO-
Ta YU IJII0K03a) OTPUMAHO SIKICHE BYTJIEIEBE T0-
kputtst (Ip/lg ~1) npu temnepatypi 700 °C. 3ri-
JTHO 3apsii/pO3PSIHUX XapaKTEPUCTHK €MHICTh
CHHTE30BaHOI'0 KaTOJHOIO0 MaTepially CTaHO-
Buth ~130 MAro/T st ctpymy 0.1C.

CHUHTE3 HAHOKPHCTAJUIOB LiFePO, B CPE-
JIE MOHHOM XHUJAKOCTU C UCIIOJIb30OBA-
HUEM CBY-HAT'PEBA

B.A. l'amary3*, C.M. Manésansri, 3.B. [Tanos

Hucmumym obwell u HeopeaHuueckou Xumuu
um. B.U. Bepnaockoeo HAH Ykpaunwi,

npocn. Axademuxa Ilamnaouna, 32134, Kues,
03142, Vkpauna

* e-mail: vgalaguz@ukr.net

[Ipenmoxen xwuaxodasHplii Metos cuHTe3a LiFe-
PO, B cpeae XOnMH XJIOpUAA U JTUITHIICHIIHKOIS
MO BO3JCUCTBHEM MHKPOBOJHOBOro HarpeBa. C
MomHOCThI0 CBU-m3nmydenus 920 u 1150 Bt mo-
nydeH HaHokpucrammmdeckuir LiFePO, 6e3 mnpwu-
meceit. [lyrem omkura LiFePO, ¢ rimoko3ol winm
s0JTIOYHON KHCIIOTOM CHHTE3WpPOBAH YTIEPOIHBIN
komrio3ut LiFePO,/C. CHATBI paMaHOBCKHE CITEK-
TPpbl NOJYYEHHBIX KOMIIO3UTOB U OIPEACIECHO, YTO
BEIOOp OPraHWUYEcKOro MpeKypcopa HE BIHSIET Ha
npupoay yriepoauoro nokpeitus (lp/lg ~1). Ewm-
KOCTh KaTOJHOTO Marepuayna Ha ocHoBe LiFePO,/C
cocrasiseT ~130 MAu/r ma toka 0.1C.

KnouyeBbIle ¢ 10 B a: IMTHA-UOHHEBIC 6aTapeI/I,

ISSN 0041-6045. YKP . XIM . XVYPH ., 2019,

LiFePO,/C, CBUY-cunre3, pamMaHOBCKas CIIEKTPO-
CKOTIHSL.

SYNTHESIS OF LiFePO, NANOCRYSTALS IN
THE ION-LIQUID MEDIUM USING MICRO-
WAVE HEATING

V.A. Galaguz*, S.M. Malovanyi, E.V. Panov

V.1.Vernadsky Institute of General and Inorganic
Chemistry o f National Academy of Sciences

of Ukraine, 32/34 Academic Palladin Avenue,
Kyiv, 03142, Ukraine,

* e-mail: vgalaguz@ukr.net

The liquid-phase method of synthesis of LiFe-
PO, in the medium of choline chloride and diethy-
lene glycol under the action of microwave heating is
proposed. With a power of microwave radiation of
920 and 1150 W, a nanocrystalline LiFePO, without
impurities was obtained. Obtained samples of mic-
rowave processes contain amorphous phase and re-
quire long annealing resulting in nanocrystalline
LiFePO,/C with small impurities LisPO,4, LisFer-
(POy)3, Fe,03. For samples obtained in the choline
chloride with diethylene glycol microwave heating
characteristic is lamellar morphology — the same as
for LiFePO, obtained by thermal heating, but in the
case of using microwave irradiation plates are
smaller. This indicates that the reaction mechanism
of LiFePO, synthesis does not change in the mic-
rowave synthesis, but the reaction rate is signifi-
cantly increased (up to 6 times faster than thermal
synthesis). Using the Raman spectroscopy, the nature
of the carbon coating on the crystal of lithium iron
(1) phosphate was studied. The Raman spectra of the
LiFePO,/C composites obtained from an annealed
powder with glucose and malic acid have prono-
unced D (~1340 cm™) and G (~1600 cm™) peaks, as
well as two additional bands at ~1200 and ~1520 cm™
obtained after the expansion of main peaks. The ratio
of peak intensities of lines D and G (lp/lg) has a
value of 1.06 for the material obtained after glucose
carbonation and 1.01 for LiFePO,/C annealed with
malic acid. That means the choice of an organic
precursor does not affect the nature of the carbon
coating (Ip/lg ~1). Capacity of cathode material
based on LiFePO,/C is ~130 mAh/g for a current
of 0.1C.
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Keywords: lithium-ion batteries, LiFePO,/C,
microwave synthesis, Raman spectroscopy.

82

JITEPATYPA

. Satyavani T.V., Srinivas A.K., Subba Rao P.S.

Methods of synthesis and performance im-
provement of lithium iron phosphate for high rate
Li-ion batteries: A review // Eng. Science and
Technol., Int. J. -2016. -19. -P. 178-188.

. Grewal A.S., Kumar K., Redhu S., Bhardwaj S.

Microwave assisted synthesis: a green chemist-
ry approach // Int. Res. J. Pharm. Appl. Sci. -2013.
-3.-C. 278-285.

. Ilpoyenxo B.C., bobposa JI.C., Bypmicmpos K.C.,

Jlanunoe .M. BuxopucraHHs Teopii BakaHciii
Ul iHTepHpeTalii JaHWX OO0 eJIEKTPOIpo-
BITHOCTI 1OHHUMX piauH, sAki mictath xpom(lll)
XIIOPU, XOMH Xmopua i gobaBku Bomm [/
BXXT. -2017. -1, Ne 110. -C. 27-35.

Tome L., Bairo V., Silva W., Brett C.W. Deep
eutectic solvents for the production and ap-
plication of new materials // Appl. Materials To-
day. -2018. -10. -P. 30-50.

. Galaguz V., Malovanyi S., Panov E. Synthesis of

LiFePO, nanocrystals and properties of cathodic
material on their basis // J. Serb. Chem. Soc.
-2018. -3, Ne 10. -C. 1123-1129.

. Swain P., Viji M., Mocherla P.S.V., Sudakar C.

Carbon coating on the current collector and
LiFePO, nanoparticles influence of sp® and sp*-
like disordered carbon on the electrochemical
properties // J. Power Sourc. -2015. -293. -P.
613-625.

Nagpurea S.C., Bhushana B., Babub S.S. Raman
and NMR studies of aged LiFePO, cathode //
Appl. Surface Science. -2012. -259. -P. 49-54.

. Zhao B., Yu X., Cai R. Solution combustion

synthesis of high-rate performance carbon-coa-
ted lithium iron phosphate from inexpensive
iron(l1l) raw material // J. Mater. Chem. -2012.
-22. -P.2900-2907.

Long Y., Shu Y., Ma X., Ye M. In-situ synthe-
sizing superior high-rate LiFePO4/C nanorods

embedded in graphene matrix // Electrochim.
Acta. -2014. -117. -P. 105-112.

REFERENCES

. Satyavani T. V., Srinivas A. K., Subba Rao P.S.

Methods of synthesis and performance impro-
vement of lithium iron phosphate for high rate Li-
ion batteries: A review. Eng. Sci. Technol. 2016.
19: 178.

. Grewal A.S., Kumar K., Redhu S., Bhardwaj S.

Microwave assisted synthesis: a green chemistry
approach. Int. Res J Pharm. App Sci. 2013. 3: 278.

. Protsenko V.S., Bobrova L.S., Burmistrov K.S.,

Danilov F.1. The application of hole theory for the
interpretation of data on conductivity of ionic
liquids containing chromium(lll) chloride, cho-
line chloride and water additives. Voprosy Khimii
i Khimicheskoi Tekhnologii. 2017. 1(110): 27.
[in Ukrainian].

. Tome L., Bairo V., Silva W., Brett C. Deep eu-

tectic solvents for the production and applica-
tion of new materials. Applied Materials To-
day. 2018. 10: 30.

. Galaguz V., Malovanyi S., Panov E. Synthesis of

LiFePO, nanocrystals and properties of cathodic
material on their basis. J. Serb. Chem. Soc. 2018.
83(10): 1123.

. Swain P., Viji M., Mocherla P.S.V., Sudakar C.

Carbon coating on the current collector and
LiFePO, nanoparticles influence of sp® and sp*-
like disordered carbon on the electrochemical
properties. J. Power Sourc. 2015. 293: 613.

. Nagpurea S.C., Bhushana B., Babub S.S.Raman

and NMR studies of aged LiFePO, cathode.
Appl. Surf. Sci. 2012. 259: 49.

. Zhao B., Yu X., Cai R. Solution combustion

synthesis of high-rate performance carbon-coa-
ted lithium iron phosphate from inexpensive iron
(1) raw material. J. Mater. Chem. 2012. 22: 2900.

. Long Y., Shu Y., Ma X., Ye M. In-situ synthe-

sizing superior high-rate LiFePO4,/C nanorods
embedded in graphene matrix. Electr. Acta.
2014. 117: 105.

Hamiiinoia 07.06.2019

ISSN 0041-6045. YKP . XIM . XVYPH ., 2019, t.85, Ne 10



Dizuuna ximia

YK 544.52 + 621.352

doi: 10.33609/0041-6045.85.10.2019.83-90

B.O.Cmisink , C.C. ®omanwk, I'.SI.Koabacos, [.A.Pycenbkuii

POOTOEJIEKTPOXIMIYHI BJIACTUBOCTI IINIIBOK HA OCHOBI BAHAJIATIB
BICMYTY TA MIAI

Inemumym 3azanvnoi ma neopeaniunoi ximi i im. B.l. Bepnaocekoeo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis, 03142, Vrpaina
*e-mail: VitaliySmilyk@i.ua

MeTonoM eJIeKTpOXIMIYHOTO CHHTE3y 13 3aCTOCYBaHHSM 1HTEP(PEPOMETPHUYHOTO KOHTPOJIIO
orpuMani Bk BiVO,, BiVO4/WO; ta CusVO,. ITokasaHo, 1m0 BOHH IOTIHHAIOTH CBITIO Y
JIOBFOXBUJIBOBIN JIUISIHIII COHSYHOTO CIIEKTPY 1 MalOTh XOPOUIY aJre3ird 3 ONTHYHO IIPO30-
poro migkiagkor SnO,. 3 aHamizy cmekTpiB (OTOCTpyMy BH3HAYEHO, IO (POTOENEKTPOXiMi-
yHa e(pEeKTHBHICTh KPHUCTAMUHKX IIiBoK BiVO, samexwurts Bix ix ToBmumau. ITmiBkum BiVO,
toBmmHO0 80-150 HM TOKa3aJu BHINI BEIMYHMHM KBAHTOBOTO BHUXOAY (DOTOCTPYyMY IIO-
piBHsiHO 3 1utiBkamu 0.5-1 mMkM. 3 monomoroto PDA 3naiineHo, mo micis Bianary npu 500 °C
miiBku BiVO,Ta WO3 KpHcTami3yloThes 10 CTPYKTYPH MOHOKJIIHHOTO IIIE€ENiTy. BcTaHOBIIEHO,
mo map WOj3 y rerepoctpykrypi BiVO4/WO; miaBuinye ii 3aransHy (oroenekrpoximiuny ede-
KTUBHICTh B yJbTpadiodeToBi Ta OMIDKHIM BUAMMIN 00nacTsAX crmekTpy. 3aJeKHO Bil YMOB
TepMOOOpPOOKH mHpHHA 3a00pOHEHOi 30HM oTpuMaHuX MIiBok Cu3VO, ctanoButs Big 1.4 1o
2.2 eB, mo mo3Boiise iX BHUKOPHCTOBYBAaTH B SIKOCTI (DOTOAHOMIB I (POTOECIEKTPOXIMITHOTO
PO3KJIQJIaHHs BOJW Ta BUAUICHHS KHCHIO Ta BOJHIO.

KnmodaoBi cmoBa: eneKkTpoxXiMidHUI CHHTE3, KPUCTAIiYHI TUTIBKH, KBAaHTOBHUH BHXiJ

(dhoToCcTpyMy, TETEpOCTPYKTypa.

BCTVII. AxTyanbHOI 3ajadero JJisl OT-
puMaHHs e(heKTUBHUX (DOTOETEKTPOXIMIYHUX «CO-
HSYHUX» KOMIPOK € PO3poOKa MPOCTHX METOJIB
oJlepKaHHA (POTOGNEKTPOIB 3 MIMPOKHUM Jliara-
30HOM (POTOUYTIMBOCTI, CTIHKUX 10 (POTOKOPO-
3ii. YV maniif po6OTi HaMu nociimkeHi goToene-
KTPOXIMIYHI XapaKTepUCTHUKHU BaHAJATIB MiJi Ta
BicMyTy CU3VO4 i BiVOy, siki MOXYTh TOTJIH-
HaTH BHJIMME CBITJIO Y JOBIOXBUJIBOBIM 00JacTi
COHSIYHOTO CIIEKTPY Ta MpalLOBaTH B Mapi K
doroanon (BiVO,) ta dpotokatomx CusVO, y do-
TOEJTIEKTPOXIMIUHIA KOMIpIl JJIi OTPUMaHHS BO-
nHI0 Ta KHUcHIO [1]. TeopeTtnuHa epeKTHBHICTD
KOHBepCii COHAYHOI eHeprii y XiMIYHy €Heprito
BOJHIO BaHAJATy BICMYTYy HaONMKae€TbCA MpHU-
ommzHo 10 9.2 % 3 MakCUMyMOM TyCTUHHU

ctpymy 7.5 MA‘em ? [2]. Omnax renepauis ¢o-
toctpymy BiVO, doroanomamu 3a3Buyail 00-
MeXEeHa BHCOKOI) eJEeKTPOHHO-AIPKOBOIO pe-
KOMOIHAIII€0 Ta HU3BKOIO €(EKTHUBHICTIO TIepe-
HOCY 3apsiy Ha MibK(pa3HIld MexXi po3airy, TOMY
rycTHHa (OTOCTPYMY 3HAYHO HWXKYA, HIXK TEO-
peTuyHO mnependadeHe 3HaueHHA. DOTOENeKT-
poximiuni BractuBocTi BiVO,, Taki Sk rycTHHA
HOCIIB 3apsay a0o piBeHb eHeprii (MoTeHLiaNty)
€HEPreTHYHUX 30H, MOXKYTh OyTH 3aJ€KHUMHU BiJ
PIBHA iX JieryBaHHS a00 CTBOPEHHS PI3HUX KOM-
MO3MTIB, 1 116 MOXE MOJIMIIHUTH ePEeKTUBHICTh
¢doTorepeTBOpEeHHS 32 PaxyHOK 3HWKEHHS pe-
KOMOiHamii Ta miaBUINEHHS MpoBigHOCTI. Crifg
Takox 3a3HaunTH, o Cu3VO, 3aBIsKH BY3bKii
MIMPHHI 3a00pPOHEHOT 30HU 3/1aTeH MOTJIMHATH
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BUJIMME CBITJIO B Maiike BCiil JOBrOXBHIJILOBIH
ob6umacri [3]. Ane KUIbKICTh JIITEPATypHUX JaHHX
3 JIOCHIKEHHS (DOTOCNEKTPOXIMIYHMX BIIACTH-
Bocreii CuzgVO, Ta BiVO, € obmexkenoro [1, 3,
4], ToMy BUHHKA€ HEOOXIHICTh Y po3po0ili Me-
TOJUMK CHUHTE3y (HPOTOUYTIMBUX IUTIBOK Ha iX oc-
HOBI Ta BH3HAYCHHI (POTOEIEKTPOXIMIYHUX Xa-
pakTepucTUK. BanagaT mizi Ta BICMyTy MOKHA
OTPUMYBATH 3a MPOCTUMHU 1 JTOCTYHHUMHU METO-
nuKamu cuHTe3y [3, 4], 30kpema, eneKTpoXiMmi-
yHOrO cuHTe3y [4]. MeTox nmepcrniekTUBHHH, OC-
KUIBKH JI03BOJISI€ OJIEpXKATH HAMiBIPOBIIHUKH
3a/1aHOT0 XIMIYHOTO CKJIaQy IIJISIXOM BapitOBaH-
HSl CKJIAJIOM EJICKTPOJITY Ta MapaMeTpaMu CHH-
te3y. Kpim Toro, 3acrocyBaHHs €l1E€KTPOXIMIYHO-
r0 OCa/DKEHHS € TEPCIEKTUBHUM IS OTPUMAaH-
Hi rerepocTpykTyp BiVO4/WO3, ockinbku ix
(bopMyBaHHS CIIpUSIE MTIIBUILIEHHIO HIBUAKOCTI (ho-
TOEJIEKTPOXIMIUHOI peakilii BUAUIEHHS KUCHIO Ha
($oTOaHOI 32 paxyHOK €JIEeKTPOKATATITUYHHUX BIla-
ctuBocteir WO3 [5]. B ocHOBHOMY Taki retepo-
CTPYKTYpH CHHTE3YIOTh METOZOM «Spin-coating»
[6] abo enexTpoximiuauM criBocapkeHHsM BiVO,
Ta KoJI0igHOoro po3urHy dactok WOs3[5].

MeToio poOOTH € IOCHIIKEHHS BILUIMBY
CTPYKTYpH IITIBOK Ha OCHOBI BaHAJaTIB Mifl Ta
BICMYTY, OJEpXaHHUX EJIEKTPOXIMIUHUM CHHTE-
30M, Ha iX ONTHYHI Ta (OTOEIEKTPOXiMiUHi
BJIACTHBOCTI.

EKCIIEPUMEHT I ObBI'OBOPEHHA PE-
3VJIPTATIB. EnextpoxiMidyHe OCaKEHHS TLIi-
Bok BiVO, ta CuzVO, mpoBoawin B rajibBa-
HOCTaTMYHOMY PEXHMI 3 IUIATUHOBUM MPOTH-
eJIEKTpo/IoM. [l mpUroTyBaHHS PO3YMHIB BU-
KOPUCTOBYBAJIM XIMIYHI pEaKkTUBH Kiacy 4Y.n.a.
[Tepen enexTpoocaKEHHSIM TUTIBOK MiAKIAIKY
SnO; Ha CKJIl 3HEKUPIOBATM MPOTATOM 5 XB y
pozuunHi 2M NaOH Ta mpomMuBamm IUCTHIIBO-
BaHOI0 Bojoto. [lniBku BiVO, otpumyBanu mpu
anoxHOMy ctpymi 0.5 MA/eM? 3 kucioro (HNO3)
enektpounity (pH 4.7) Ha ocroBi 10 MM Bi(NOg3)3
ta 35 MM VOSO,. ITnieku WO3 ocamkyBanu 3
nepekucHo-kucaoro posurHy 0.1 moms/m NaWOy,
0.2 mons/m Hy0, ta HSO4 (pH 1.1) kxaromuum

ctpymom 1.5 MA/cM?. Oneprkani miBka BiVO,
ta BiVO4/WO3 BignamoBaau Ha MOBiTpi 3 ro-
muan nipu S00°C. ThniBku CuzVO, OT}Z‘_)I/IMyBaHH
npu katomgHomy crpymi 1-0.5 MA/cMm®) 3 enek-
TPOJIITY HA OCHOBI JIUMOHHOI KHcHoTH — 20 1/11;
NaOH — 40 ; (NH4)3sVO4 — 4 ; CuSO4 — 2 1/
[TniBKM BignajgoBaidM B aproHi 3 TOJUHH TPU
500 °C. lnst BUMiproBaHHS iX TOBIIMHHM IIiJI Yac
pPOCTY 3aCTOCOBYBAJIM METOJ| JBOIIPOMEHEBOI
iHTepdepomerpii (puc. 1, iHTEpPeporpamu oca-
mwkeHHs BiVOy).

I. BigH. o d, um

- - 1600
400

200

: . 0
0 60 120 180

Puc. 1. Intepdeporpamu mis nBox nmpomeHis (A=500
M) 3 kytamu maginas 13 (1) Ta 60 (2) rpamycis
MpOILECy OCA/KCHHS ITBKH cTpyMoM 0.5 MA/cM.
IMynkTrp (3) — 3a1eXKHICTh TOBIIMHU 3POCTAOYO]
IUTIBKM Bijl 4aCy OCa/KEHHS B PO3YMHI Ha OCHOBI
10 MM Bi(NOs); ta 35 MM VOSO,.

Meron 3acHOBaHMI Ha peecTparlii 1HTEp-
deporpaM IBOX MOHOXPOMATHYHHX CBITIIOBHX
MIPOMEHIB 3 PI3HMMM KyTaMHu BIJOWUTTS BiJ IO-
BEPXHI TUTIBKH, IO OCA/KYETHCS, B IMpoIeci ii
3poctanHs [6, 7]. Pobounii enexTpos, sIKuM € TiTi-
BKa Ha CTPYMONPOBIAHINA MiAKIA/II, PO3TAIIO-
BaHUH y JBOXEJNEKTPOIHIM KOMIpII 1 MOIApHU3y-
€TBCS BiJl 30BHIIIHBOTO JKepena crpymy. s
MOHOXPOMATHYHOTO CBITJIOBOT'O MTPOMEHS 3 JOB-
KUHOIO XBHJII A MAKCUMyMH Ha iHTepdeporpami
BIJIMIOBIIAIOTh 3HAYCHHSM TOBIIUHH O, IPU AKUX
ONITUYHA PI3HUI XOAy A MPOMEHIB KpaTHa IIi-
JIOMY YMCIy AOBXHHHU XBWIi, TOOTO A = M-'A, e
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M — mopsiAoOK  1HTep(EepeHIIHHIX MaKCUMYyMIB
(m=1,2,3...). Yupomy BUMaaKy 3HadeHHs
PO3paxoByBajIM 3riAHO 3 AaHKMMHU pobdotu [8]. Bu-
MIpIOBaHHS €JIEKTPOXIMIUYHHX Ta (POTOEIEKTPOXi-
MIYHHUX BJIACTUBOCTEH IUIIBOK MIPOBOAMIIH 32 J10-
nomoroto norenuioctatry PGSTAT Elins (Pocis).
[InaTuHy BUKOPUCTOBYBAIH SIK IPOTHEIIEKTPO/I,
TUTiBKH — poOoumnii enekrpon, a Ag/ AgCl — ene-
KTPOJI TOPIBHSHHS, BJIACTUBOCTI ITUTIBOK JIOCIIJ-
xyBanu B 0.1M pozunni NaySO,. CrnexrpanbHi
3aJICKHOCTI POTOCTPYMY BUMIPIOBAJIM B KBapIie-
Bilf KOMIpIIi HAa YCTAHOBII, sIKa BKJIFOYaja MOHO-
xpomarop MJIP-2, a mxepenom cBiTia Oyia Kce-
HoHosa Jamma JIKCII-500 3i cTabinizoBaHUM po3-
psaaHuM cTpyMoM. ONTUYHI CHEKTPH 3HIMAIH Ha
cniekrpodoromerpi Perkin Elmer UV-Vis Lamb-
da 35. Pentrenoda3oBuii aHaii3 mpoBOJIUIN Ha
mudpakromerpi JJPOH 4. Crexiomerpiro IUTIBOK
BU3HAUAIM 13 3aJly4YeHHSM EHEepProJucHepciiHoi
PEHTTEeHIBCHKOT CEKTPOCKOIi Ha OCHOBI CKaHYO-
yoro enekTporHoro mikpockomna Philips cpxl 30.

[IniBKM BaHanaTiB BICMYTy OTPUMYBAIH 3
kuciux po3unHiB pH 4.8-5 Ha ocHOBI BaHaaMI
cynbdary 1 HiTpaTy BicMyTy. OcaJKeHHs IJIi-
BOK TMPOBOJMIN NPU PI3HUX T'YCTHHAX CTPyMY,
BUMIPIOIOYM TPU I[bOMY iX TOBIIMHY METOJ0M
OJTHOTIPOMEHEBOI iHTepdepomeTpii. 3 aHamizy Ja-
HUX 1HTep(EepOMETPpUYHUX AOCIIKEHb OYyI0
BCTAQHOBJICHO, 1110 ONTUMAJIBHOIO TYCTHHOIO CTpY-
My 1711 ocapkeHHs iiBok € [ = (0.5-1.0) MA/cM?.
Po3paxyHOK TOBIIMH IUTIBKH, IIIO POCTE, BiA 4a-
Cy TIOKa3aB, 1110, HE3aJIEXKHO BiJl TYCTUHU CTPyMY,
CIIOCTEPIra€ThCAd HENiHIMHA 3aJIeKHICTh POCTY
TOBIIMHM TUTIBKHA B 4aci (puc. ).

VY po3uuni BaHaui cynbdaty (puc. 2, Kpu-
Ba 1) cmocrepiraerbcs MoJMyka CTPyMy B Me-
xax noteHmianis 0.8-1.7 B, B po3unHi BaHa M
cynbdaTy 3 HITpaTOM BicMyTy (KpuBa 2) y Me-
)KaxX IMX TOTEHI[ANIB CIOCTEPITraeThCs XBHIIS
cTpyMy 3 MakcumyMoM mipu 1.3 B. 3rigHo 3 nia-
rpamoto IlypGe, npu morenmianax 0.4-1 B Ta
pH 4.8-5 noBuHHI yTBOptoBatuch ioHH HyVO,4
[11, 16] (mommuka na kpuBiid 1 puc. 2). [Ipu
norenmianax 0.8-1.3 B Ha anomi B po3uuHi Ba-

. ,
1. MA/cM ™

2.5

0.5

05 L0 15 20
E. B(pian. x.c.e)

Puc. 2. TTonspuzauiiii KpuBi pO34KHIB BaHAAWNI CY-
nedary (1) Ta BaHAAWI Cynb(haTy 3 HITPATOM BiCcMy-
Ty (2). lIBMmkicTh po3roptku noteHiiany 10 mB/c.

HaaW1 cynb(daTy 3 HITPaTOM BICMYTY MU CIO-
crepiranu yrBopeHHs miiBku BiVO,, 1o Bin-
OyBaeThCs, BIPOT1IHO, B pe3yJbTaTl peakiii 10-
HiB BaHanieBoi kucinotu HVO4 3 BicmyTHa io-
namu BiO", ski icHYIOTh IIpH IUX TOTeHIamax
[11, 16, 17].

JlocaiKkeHHsT BIUIMBY TOBLIMHM ILTIBKU
BiVO, Ha xBaHTOBHIi BHXin (oTOCTpyMmy (pHC.
3) moka3zanu, mo ToBcTi TIiBKH (0.5-1 MKM Mma-
I0Th HUKUMN KBAaHTOBUI BUXI1/I MOPIBHIHO 3 ILJTi-
Bkamu TOBIIMHOIO 80—150 uMm. Lleit pakt MmoxHa
MOSICHUTU (DI3UYHUMHU BIACTHBOCTSMU TMOJIKPH-
cramiyanx mwiiBok BiVO,, a came HU3BKOIO Mpo-
BignicTio [12, 13]. Ilpu YoMy Ha TOHKHX ILIIB-
Kax, sIK BUJIHO 31 CIIEKTPIB pHC. 3, OUIBIINN BKJIa
y GOTOCTPYM J1a€ BUTUME CBITJIO Y MOPIBHIHHI 3
IUTIBKaMH TOBILHUHOIO O11bIire S00 HM, a6 aiIsiH-
Ka MaKCHMaJbHOTO KBAaHTOBOTO BUXOAYy (HOTO-
CTpyMy INpUNaaae Ha OIMXKHE yibTpadioneToBe
BUITPOMIHIOBAHHSI.

OnrumaneHa ToBmMHA 1uriBka BiVO, ne-
xHUTh y Mexax 80—150 um. IIpu ToBumMHAxX 0.5—
1 MKM crnocTepira€TbCsi 3MEHIICHHS BEJTMYUHU
KBaHTOBOTO BUXOY (POTOCTPYMY, OCKIJIBKH Yac-
THHA CHEprii, 10 TONIMHAETLCS MaTepiajioM,
ryOuThCS, a caMe, BUKOPUCTOBYETHCSI HA HATPiB
HarminpoBigHuka. [Ipu oMy Mae miciie pekom-
OiHaLlis HOCIIB 3aps/y, Jie IOBHA E€HEpPrisl eleK-
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014 F]

0.0 Loy

- T T T = -
200 300 400 500 A, HM

Puc. 3. CnexTpy KBaHTOBOTO BUXOAY (DOTOCTPyMY

mwiiBok SNO,/BiVO, pisHoi ToBmmun: 1—40, 2 —
100, 3-280, 4 —500, 5— 1000 uMm.

TPOHHO-/IIPKOBOI Mapu €(PEeKTUBHO PO3CIIOETHCA.
B pesynbrari pekomOiHarii eHepris cBiTia, sKa
Oyna 30epekeHa Mpy YTBOPEHHI MapH €IeKTPOH
—IipKa, IEPETBOPIOETHCS Y TEILIO 1 HE MOXKe Oy-
TH BUKOpHcTaHa [15].

3aBIsSKU aHANi3y PEHTICHOTpaM IOPOI-
kiB wiiBok BiVO, ta BiVO, (WO3) micis tep-
M000poOku mipu 500 °C BHaIOCh BCTAHOBHUTH, 1110
BOHU CKJIQJAI0THCS MEPEBAKHO 3 MOHOKJIIHHHX
BiVO, ta WO3 [14]. Bigomo, 1o ¢hopMmyBaHHS
rerepocTpykrypu BiVO,3 WOs3, ne odbunsi da-
3 MalOTh MOHOKJIIHHY MOJIH(IKAIiI0, CIIPHUSIE
MiBUIICHHIO (POTOKATATITUIHOI aKTUBHICTI 1TO-
BEpXHi, TMOJIMNIIY€E MO 3apsaiB 1 MEPEmKoI-
JKae mpolrecaM peKoMOiHaIlii, 0 MPUBOJUTE JI0
pocty (oTOIOTEHITiaTy 1 KBAHTOBOTO BHUXOIY Ta-
kux enekrpois [9, 10].

JIOCIHiDKeHHST CIIEKTPaIbHUX XapaKTepHUC-
TUK ToKaszanu (puc. 4), 1o MOHOKIIIHHI IUTiBKH
BiVO4/WO3; MaroTh BUCOKI MOKA3HUKU KBAHTO-
BOro BUX0y doroctpymy (25-50 %) y mupoxiit
obmacti cnektpy (300-500 HM), y TOH yac sK
KBaHTOBMH BUXiJ GoTocTpyMy miIiBok BiVOs B
o6macti 400-500 um cranoButh 25 %. OTxe, 3a
PaxyHOK BKJIQJy TPHOKCHIY BoJib(pamy (puc. 4)
MO>KHA 301TBIINTH 3aTaJIbHAN MOKa3HUK KBAHTO-
BOTO BUXOAY (OTOCTPyMy, IO CHpUsiTUME edek-
TUBHOMY BHKOPHUCTAaHHIO TaKMX IUTIBOK B SIKOCTI
¢doToanoniB. OCKUIBKM TPUOKCH[ BoJb(pamy

l:| KB

0.4

500 M

Puc. 4. CrexTp KBaHTOBOTO BUXOAY (OTOCTPyMY
IJIIBOK: SnOleIVO4/W03 (1) Ta SnOZ/B|VO4 (2)

Mae OijibIlle 3HaYeHHs IIUPUHU 3a00pOHEHO1 30-
Hy, HK y BiVO,, TO BibHI €IEKTpOHH mEepe-
XO0IATh 13 30HH npoBinHocTi WO3 y 30HY MpoBi-
narocTi BiVO,, yTBOPIOIOYH MO3WTHBHO 3apsiji-
xeHl aipku. Lle crnpusie eeKTUBHOMY MOIIIH-
HAHHIO MaTepiajoM KBaHTIB CBITJIa 1 BUCOKUM IIO-
Ka3HMKaM KBAaHTOBOT'O BUXOJy ()OTOCTPyMY B ILLIH-
pokiii o0macTi criekTpy. B cBoto uepry, BuUIbHI HO-
cii 3apsily HepexolsiTh 3 BaJICHTHOI 30HM BaHa-
JIaTy BICMYTY y BaJICHTHY 30HY TPHUOKCHIY BOJIb-
dpamy, TUM caMHM OOYMOBIIOIOUYH JIOMIIIKOBY
MIPOBIJIHICTh OTPUMAHOI rerepocTpyTypu [15].
Banamar migi omepyBaiu €IeKTpPOXiMid-
HMM METOJIOM 3 JIMMOHHOKHCIIUX PO3YMHIB CYJIb-
daTy Mial Ta OpTOBaHAIATy aMOHI0. AHaTI3 Jia-
rpam Ilyp6e mist ioniB mini [18] ta Banamiro [11]
Ta MOJSIPU3ALIHUX KPUBHUX Yy po3unHax 1 (-
monHa kuciora — 20, NaOH — 40 , (NH;)3VO,4 —
4 /1) ta 2 (numonna kucnora — 20, NaOH — 40,
(NH4)3VO,4 — 4, CuSOy4 — 2 1/n) paB 3Mory mpo-
aHaJi3yBaTH MOKJIMBHUI CKIIaJl KATOAHOTO OCaIy
(puc. 5). [Ipu notenuianax —0.6-0.8 B y myxHo-
My CEpelOBHILI B po34rHi | yTBOPIOIOTHCS OK-
CHJIHI CTIOJIyKH TPbOXBaJeHTHOro BaHasito [11].
B pozumHi 2 npu nux noreHmianax (kpusa 2) —
okcup onHoBaseHTHOT Mifi Cu,O [18] Ta okcun-
Hi CIIONYKH TPHOXBaJICHTHOTO BaHajito [11]. Bia-
naJ JaHuX MPOJYKTIB B aproHi, gk OyJI0 BCTaHO-
BJICHO 3 aHAJII3y €HEeProAMCIEpCIitHOrO peHTreHi-
Bebkoro criektpy (EDAX) (puc. 6), nae 3mintanuit
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E. B(pian. x.c.e)
-3 -1 0.5 0

—

L 5
i MA/enm?

Puc. 6. IMonspu3ariiiini kpui B po3urnax 1(1) i 2(2).
L. BiIH. 011

0.96 Si
Sn

072

048

0.24

0.0 20 40 6.0 80 100

120 140 160
E.eB

Puc. 5. EDAX-cnektp enemeHTiB
enekrpona CuzVO,.

ckian ronBkH, mo MictuTh Cu,O 1 CuzVO,.

3 aHaJi3y ONTUYHUX Ta (POTOENEKTPOXIMIY-
HUX JIOCTIIKEHb (pHc. 7, 8) BCTAHOBJIECHO, 1110 ILTi-
BKH OKCHJIIB MiJll Ta BaH/Iit0 ()OTOUYTIUBI B IIIU-
POKIi#l AUISHIII BUAUMOTO CBITIa IPU KATOJHOMY
noreHian —0.2 B. 3 onTUYHUX IOCIIHKEHD 3HA-
HeHo, MO Taki IUIIBKM MArOTh HENmpsiMi Tepe-
X0 3a00pOHEHOI 30HH, OCKUIBKH, SK BUIHO 3
puc. 7, eKcriepuMeHTalbHI KpUB1 T0Ope CIpsiM-
nsrothest B koopauHatax ( ahv)®—(hv) s He-
npssmux nepexonis [15].

BcraHoBieHo, 110, 3aI€KHO BiJl YMOB Tep-
MOOOpPOOKH, MIMPUHA 3a00POHEHOT 30HU OTpHUMa-
HHX IUTIBOK 3HAaXOIWTHCI B Mexax 1.4-2.2 eB.
3 puc. 8 (kpuBa 1) BuaHO, 110 TEpMOOOPOOKA B
aproHi CIpHUS€ 3MEHINCHHIO IIMPUHU 3a00po-
HEHO1 30HU MOPIBHSHO 3 TEPMOOOPOOKOIO Ha TI0-
BiTpi (KpuBa 2).

TakuM 9MHOM, TIOPIBHIOIOYH CIICKTPH KBaH-

ahv”?
i

C

) . — r .
1.5 2 25 3 3

- -7 hv, eB N

Puc. 7. CnexTpu ONTHYHOTO TIIOTJIMHAHHS IUTIBOK
OKCHJIIB Midi IS HENpsMUX NepexoiiB Imicis 3
rog tepmooOpodku mpu 500 °C Ha mOBITPI.

(nhv)™*

0.351 l

0.34

1.5 20 25 30 35 0

5 4
hv, eB

Puc. 8. CnexTpn KBaHTOBOTO BUXOAY IUTIBOK OK-
CHUJIIB MiJIi Ta BaHAJIil0, OTPUMAHUX KATOJHUM EJICK-
TPOOCA/KCHHSIM 3 PO3UMHY Ha OCHOBI cynbdary
Mifli Ta OPTOBaHAIATy aMOHIO IicIsl TePMOOOPOOKH
npu 500 °C B aprowi (1) Ta Ha noBiTpi (2).

TOBOTO BUXOHIY (POTOCTpyMYy OTpHMaHUX MaTe-
pianiB (puc. 3, 8), MokHa 3pOOHUTH BUCHOBOK, IO
BaHAJIaT BICMYTYy Ma€ OUIBIINI MOKAa3HUK KBaH-
TOBOT'O BUXOAY (hOTOCTpYMy, Ha BiIMiHY BiJ Ba-
HajaTty mijai. Banagar mini, B cBOIO uepry, mo-
IJIMHA€ BUJUME CBITJIO y OLIBII JOBrOXBHIIBO-
BIl JAUISHII CIIEKTpY.

BUCHOBKH. MeToioM eleKTpoxiMiu-
HOTO CHHTE3y OTPUMAaHO IUTIBKM MOHOKJIIHHOTO
BiVO, Tta rerepoctpykrypu BiVO4/WOs. Bera-
HOBJICHO, IO ()OPMYBaHHS TaKOi T€TEPOCTPYKTY-
pH crpusie 3arajibHOMY IiIBUIICHHIO KBAHTOBO-
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ro BUXo1y (GOTOCTpyMy B yJibTpadioneToBiii Ta
BUJIUMIN JIJITHKAX CHEKTPY.

MetomoM €NIeKTPOXIMIYHOTO CHHTE3Y 3 JIy-
KHOTO E€JICKTPOJITY OTPUMAHO KOMITO3UTHI ILIi-
BKHM BaHAJaTy MiJll Ta OKCUAY Mifl. 3 ONTHYHUX
Ta (POTOETEKTPOXIMIYHUX JIOCIIKEHb BUIUIMBAE,
10 OTPUMAaHI IUIIBKM (OTOUYTJIMBI B IIMPOKIN
JUISHIN BUAAMOro cBiTia. BeranosneHo, 1110 3a-
JISKHO BiJI YMOB TepMOOOPOOKH MIMpUHA 3a00-
POHEHOI 30HM IUIIBOK CTaHOBUTH ~1.4-2.2 eB.

®OTODJIEKTPOXUMHUUYECKHUE CBONCTBA
IJIEHOK HA OCHOBE BAHAJIATOB BUC-
MYTA U MEIU

B.O. Cmmisix*, C.C. ®omanrok, I'.5. Komxbacos,
N.A. Pycenxuit

Hncmumym obweii u HeopeaHuueckot Xumuu um.
B.U. Bepnaockoeo HAH Ykpaunwl, npocn. Axade-
muka Iamnaouna, 32134, Kues, 03142, Vipauna
* e-mail: VitaliySmilyk@i.ua

MeronoM 3IEKTPOXUMHUYECKOTO CHHTE3a C
MpUMEHEHNEM HWHTEePPEPOMETPUIECKOTO KOHTPOIIS
TOJIIMHBI IIJICHOK NPU HX OCAXKIACHUHU IOJYUEHBI
mieHkd BiVO,, BiVO,/WO; u CuzVO,. IlokasaHo,
YTO IUICHKH IIOrJIOIIAIOT CBET B JIJIMHHOBOJHOBOM
00JacTH COJIHEYHOTO criekTpa. llojgydyeHHbIE MaTe-
pHAIBl TAaKXKE MMEIOT XOPOIIYI0 aAre3duio C OITH-
YECKH TMPO3pavyHoil momoxko SnO,. M3 anammza
CIIEKTPOB (POTOTOKA OMPEILIICHO, 4YTO (DOTOAINIEK-
TpOXUMHYECKasT IPPEKTUBHOCTh KPUCTATHIECKUAX
mwieHok BiVO, 3aBUCUT OT UX TOJILMUHBL [lIeHKH
BiVO, TommmuaOoi 80-150 HM HOKa3aJd BBICOKHE
BEJIMYMHBI KBAaHTOBOI'O BbIXojaa ()OTOTOKA IO Cpa-
BHEHHMIO ¢ muieHkamu ToimuHou 0,5—-1 mxm. C mo-
Motibtio POA HaiineHo, uyTo nocne otxkura npu 500
°C mmenkun BiVO,; m WOj3; kpucTammmsyoTcs B
CTPYKTYPY MOHOKIMHHOTO IMICEIHTa. Y CTAHOBIICHO,
gyro cioii WO3 B rerepoctpykrype BiVO4/WO;3 mo-
BBHIIIAET €€ OOHIYI0 (DOTOANEKTPOXUMHUECKYIO 3(-
(eKTUBHOCTH B yNbTPa(UOIICTOBON U OJFIKHEH BH-
JIUMOM o0yacTsax crektpa. B 3aBucumoctu OT yc-
JIOBHI TEPMOOOPaOOTKH IIMPUHA 3aNpeIIeHHONH 30-
Hbl mosydeHHbIX IuIeHOK Cu3VO,4 cocraBiser ot
1.4 no 2.2 3B, 4TO MHO3BOJSET HCIOJbL30BaTh UX B
KadecTBe (POTOAHOMOB  (HOTOINEKTPOXHUMUIECKUX
peoOpa3oBaTeIC COJHEUHOW SHEPTHH.

KnwoueBbl € CJ 0B a: 3JIEKTPOXUMUUECKUI
CHHTCE3, KPpUCTAJUIMYECKUE  IIJICHKHU, KBaHTOBBIHN
BBIXOZ (OTOTOKA, TETEPOCTPYKTYypa.

PHOTOELECTROCHEMICAL PROPERTIES OF
FILMS BASED ON BISMUTH AND COPPER
VANADATES

V.0. Smilyk*, S.S. Fomaniyk, G.Ya. Kolbasov,
I.A. Rusetskiy

V.l.Vernadsky Institute of General and Inorganic
Chemistry of the National Academy of Sciences of
Ukraine, 32/34 Academic Palladin Avenue, Kyiv,
03142, Ukraine

*e-mail: VitaliySmilyk@i.ua

BiVO,, BiVO, / WO3; and CusVO, films were
obtained by the method of electrochemical synthesis
using interferometric control of the film thickness
during their deposition. It is shown that films absorb
light in the long-wave region of the solar spectrum.
The materials obtained also have good adhesion with
the optically transparent substrate SnO,. From the
analysis of the photocurrent spectra, it was deter-
mined that the photoelectrochemical efficiency of
BiVO, crystalline films depends on the thickness of
such films. BiVO, films with a thickness of 80-150
nm showed high values of the quantum yield of the
photocurrent as compared with films with a thick-
ness of 0.5-1 um. From XRD, it was established that
after annealing at 500 °C, the films BiVO,4 and WO,
crystallize into the structure of monoclinic scheelite.
It has been established that the WO; layer in the
BiVO./WO; heterostructure increases its overall
photoelectrochemical efficiency in the ultraviolet
and near visible regions of the spectrum. It was es-
tablished that, depending on the heat treatment
conditions, the band gap of the obtained CuzVO,
films is from 1.4 to 2.2 eV, which allows them to be
used as photoanods for photoelectrochemical con-
verters of solar energy. Due to the narrow width of
the bandgap, CusVVO, can absorb visible light in
almost the entire long-wave region. But the literature
data on photoelectrochemical properties of CuzVO,
and BiVO, are limited, in this connection there is a
need for the development of techniques for the
synthesis of photosensitive films based on CusVO,
and BiVO, and their photoelectrochemical cha-
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racteristics. In this paper we investigate the pho-
toelectrochemical characteristics of CusVO, and
BiVO, which can absorb visible light in the long-
wave region of the solar spectrum and work in pairs
as a photoanode (BiVO,) and a photocathode of
CusVOy, in a photoelectrochemical cell for the pro-
duction of hydrogen and oxygen.

Keywords: electrochemical synthesis, crystalline
films, quantum photocurrent yield, heterostructures.
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Hocnimkeno BB MexaHoximiuHOi (MXO) Ta ynbrpazBykoBoi (Y30) o0pobku Ha (izuko-xi-
MmiyHi BiactuBocTi kommo3uiii CeO,-MoOs= 1:1. BcTaHOBIEHO 30UIBIICHHS TUTOMOI MTOBEPX-
Hi, 3MEHIIICHHA PO3MIpIiB KpPHUCTAIITIB 1 (POpMyBaHHS HAHOCTPYKTYP THITY SIpO—000IOHKA BHACHTI-
1m0k MX- i ¥3-00poOku. KaramiTudHi BIIACTUBOCTI OJEPKaHUX 3pa3KiB JOCTIIKEHO B pPeakxilii
CEJICKTHBHOTO OKHUCHEHHS eTaHoxy. [loka3zaHo, 10 MeXaHO- Ta COHOXIMi4HA 0OpOOKM CyMIIIi OK-
CHIIIB JTO3BOJISIFOTH OJICPYKATH BHUCOKY CEJICKTHUBHICTH 3a ouToBHM ambiaerimoMm (97 %) mpu 215
°C 1 MpOAYKTUBHOCTI 3a ITUM MPOAYKTOM 1.8 MOJIB/KTyy, ' TOM.

KnmodyoBi caoBa: nepid-MoibIeHOBa crcTeMa, HAHOKOMIIO3HUT, COHOXIMis, MeXaHOXIMidHa
00po0OKa, KaTalizaTop, €TaHOJ, OUTOBUI aibleril.

BCTVII. Erta"Hon € oqHUM 13 BHAIB BiJHOB-
JIOBAJIHOI CHPOBHMHU, OCTAHHIM 4acOM BiH pO-
3TIIAAETHCS SIK JHKEPETIO IS OJIepKAHHS PI3HUX
[IHHUX XIMIYHHUX CIIOJNYK. BakKIMBUM HampsiM-
KOM BUKOPHUCTAHHS €TaHOJIy € BUPOOHUIITBO OII-
TOBOT'O aJIBJIETiAy — CUPOBUHU JJIsl CHHTE3Y Oy-
TaHOJy Ta OLTOBOI KHCIOTH. Bimomo, mo ocHo-
BHHM IIPOMHCIIOBUM METOJIOM BUPOOHMIITBA ALIET-
anpgeriny (3 98 %-M BUXO/IOM) € OKHCHEHHS €TH-
JIeHy B MPHUCYTHOCTI KaTaji3aTOpiB — BOJIHUX
po3uuHiB xyopuaiB namaniro PACl, 1 migi CuCl,
(mporiec Bakepa) [1, 2]. OmHak maHuii mpoiiec
XapaKTepU3y€eThCS PSIIOM HEJOMIKIB, a came, yT-
BOPEHHSIM TOKCHUYHHUX MOOIYHUX TMPOIYKTIB (Me-
TUTXJIOPHJI, €THIXJIOPUIT 1 XJIOP-aleTalbIeri),
SKI HeoOXiTHO YTHIII3yBaTH a0o MifjgaBaTu crie-
miaabHINH 00poOIl I 3ano0iraHHs 3a0pyIHCH-
HS1 HABKOJIMIIIHBOTO CEPEAOBHIIA, HAsIBHICTIO XJIO-

pUIiB METaJiB 1 BUKOPUCTAHHSM TMalaail0 SK
KOMIIOHEHTa KaTtanizaTtopa. ¥ 3B’S3Ky 3 LIUM Ofiep-
YKaHHS OITOBOTO AJIBJIETiy Ha OCHOBI KaTaIiTH-
YHOT'O OKHCHCHHS eTaHoyy (OIHIET 3 CydacHHX
«3eNICHUX» TEXHOJIOTIi) MpUBEpTA€E yBary JA0CIi-
JTHUKIB, ajie TIpU IIbOMY BUHHKA€ MpobdIeMa 3 po3-
poOKOI0 ePeKTUBHUX KaTalli3aTopiB. AHAaII3 JIi-
TepaTypHUX JaHUX TOKa3ye, 10, HE TUBIISTYUCH
Ha BHMBYCHICTh BJIACTUBOCTEH OKCHIIB IIEPIIO 1
MogioaeHy [3, 4] 11X 3aCTOCYBaHHS B PI3HUX KOM-
MO3UIIAX (OKCHUJI LIEpif0 B OIIBIIOCTI BUIIAJKIB
— HOCIH a00 MPOMOTYIOYa JOMIIIIKA) K KaTai-
3aTOPIB PeaKI[iii OKMCHEHHS, IPHUKJIA/IB BUKOPH-
CTaHHS JAHUX OKCHJIB B SIKOCTI KOMIIOHEHTIB
KaTaji3aTopiB OKMCHEHHS €TaHOIy — OOMeEKe-
Ha KUIbKIiCTh [5—7]. Ilpu bOMy BIIACTHBOCTI KOM-
MO3HIIli-KaTai3aTopa, 10 OJJHOYACHO MICTHThH IIi
JIBa OKCHJHY, TMPAKTHYHO HE JOCIIDKEHI.

* PobGoty BukoHaHO 3a (iHaHcoBOi migTpumku mporpamMu HAH VYkpainm «HoBi ¢yHKIiOHaNBHI pedo-
BUHM 1 MaTepiai XiMiYHOTO BUPOOHUNTBa» (mpoekT Ne 13-19).
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TpaaumiiiHi CHHTE3U CKJIaIHUX OKCUIHHX
KOMIIO3MIIK (KaTamizaTopiB) 0a3yroTbcs Ha 3a-
CTOCYBaHHI B SIKOCTI BHXIJHUX PEarcHTIB CO-
Jel (HalyacTime HITpUIiB abo XJIOPHIIB) Me-
TaJB, Yy ACAKAX BUIAAKaX, 3 BBEJCHHSAM CYyp-
(¢hakTaHTa ab0 OPra”HivHOTO0 PO3UYMHHHUKA, IO
oJipa3y IOPYIIYE IPHUHIMII «3€JICHOI XiMIiy,
(eranonm — BuXigHa CHpPOBHHA) 1 Bele 10 3a0py-
JTHEHHSI HAaBKOJIMIIIHBOTO CEPEOBHINA. Y IIbOMY
IJIaH1 MMePCIICKTUBHUMH € aJIbTCPHATUBHI METO-
I CUHTE3Yy Karaji3aTopiB 3 BUKOPUCTAHHSIM B
SIKOCT1 CHPOBUHH MPOMHMCIOBUX OKCHIIB METa-
7B, peakii BiiOyBaoThCsl 06e3 po3unHHUKA 200
3 HOTO MaJIOKO KUTBKICTIO. JI0 TaKUX METO/IB Ha-
JIeKaTh MEXaHOXIMIYHHUM 1 yJIbTPa3BYKOBUH CHH-
Te3U, SIKI BXKE MOKa3alld TapHi pe3yNbTaTd Mpu
CHHTE31 pi3HHMX KaTajizaropiB [8-11].

VY BIANOBIAHOCTI 3 IIUM Y JIaHiid poOOTi pPo-
3TIISTHYTa MOJKJIMBICTH BUKOPHCTAHHS MEXaHO- 1
COHOXIMIi JIJI1 CUHTE3y CKJIaIHUX OKCHIHUX KOM-
MO3HUIlif 3 OKcuaiB nepito i Momioaeny (CeOyf
MoO; = 1:1), BuBYeHI (Di3MKO-XiMiYHI BIIACTH-
BOCTI OJIEp)KaHUX MaTepialiB 1 AOCTIIKEHA iX
KaTaJiTHYHA aKTHUBHICTH y TIPOILECi OKMCHEHHS
€TaHOINY.

EKCIIEPUMEHTAJIBHA YACTHHA. Bu-
XiTHY CyMIIIl OKCHTHOI LIepii-MOi01eHOBOI KOM-
no3uitii crexiomerpuyroro ckinaay CeOz/Mo0O;
= 1:1 rotyBamM HIUIAXOM 3MIilIyBaHHS OKCHIB
nuepiro Ta MomnioaeHy (4.). MexaHoximMiuHy 00-
pobky (MXO) 3pa3ka nmpoBOAMIM B IJIAHETap-
HOMY KysboBoMy mutnHi Pullverisette-6 (Fritsch)
npu 550 00/xB 3 BHKOpHCTaHHsAM eMHOCTI (200
wi1) 1 kysib (d = 5 Mm) i3 ZrO; ipu criiBBigHO-
IIeHHI MacHu KyJb A0 Macu 3paska 10:1 y cepe-
JIOBUIIII TIOBITPSI 3 BUKOPUCTaHHAM peBepca de-
pe3 koxHi 30 xB 00poOku. TpuBamicTh akTHUBa-
mii cknagana 2,418 roguH.

VYIIbTpa3ByKOBUI CHHTE3 3pa3Ka 3A1HCHIO-
BaJIM y BOJIHOMY CEPEJIOBMILI NMPOTAroM 1 rox B
mucniepratopi Y3/1H-2T, sxuii mpaitioe B pexu-
Mi aKyCTHYHOI KaBiTallii 3 yactoToro 22—40 kI .
TemriepaTypy peaxIiiifHOro CepeIoBHIIA ITiITPH-
MyBaiu Ha piBHiI 80 °C 3a 1OMOMOT00 ITUPKYJIS-

1ii XOJIOJHOI BOAM HaBKOJO peakTopa. Omepixka-
Ha CyclieH3is BucyiieHa Ha moBiTpi mpu 120 °C.

CrpykTypHi Ta MOP(OIOTiyHi BIACTUBOCTI
OJIep’KaHUX 3pa3KiB BU3HAYAM 32 JOIIOMOTOIO
KOMIUIEKCY (pi3uKo-XiMiyHMX MeToaiB. Jlocii-
JOKEHHS (Da30BOTO CKIIATY 1 CTPYKTYPHHUX Xapak-
teprctik CeOx/M0Oz=1:1 xoMmo3uitii micius ak-
tuBamii nposoawk Ha npuwiaai D8 ADVANCE
(Bruker) y miamaszoni 2 ® = 10-80° (CuK,-Burmpo-
MiHoBaHHs). Po3mip kpucranitiB (L) mis Haii-
OuTbII 1HTEHCHBHHX pediiekciB OyB po3paxo-
BaHMi 3a Qopmynow [lebas—Illeppepa:

L = KV/fcosO . Q)

Mopdororist moBepxHi TOCITiHKEHa METO-
JIOM CKaHYyI04Oi eJIeKTPOHHOI MiKpOCKomii Ha
npuitaai JSM-6490 (pipmu JEOL, Smnownis) y
KOMIUIEKCI 3 €HEeProUCIIEPCIHHAM CIIEKTPOMET-
pom (Haruta, Smonist). MeTomom TpaHCMicCiitHOT
enekTpoHHoi Mikpockomii (TEM) Oyna BuBueHa
CTPYKTypa 3pa3kiB (MpucKoprorova Hampyra 80
kB) na mpunagi JEM 1230 (Jeol), micns ix mo-
MEPEHBOTO YIbTPA3BYKOBOI'O TUCIICPTYBAHHS Y
BOJIHO-CITUPTOBOMY po3uuHi. [TuTomMy moBepx-
HIO0 (Sper) Ce—Mo—O KOMIIO3WTIB BH3HAYaIU 3
130TepM ancopOIii-aecopOirii a3oTy, oiepKaHuX
na npunagi NOVA-220e Gas Sorption Analyzer
(Quantachrome). BiacTuBOCTI CHHTE30BaHUX 3pa-
3KiB AOCHKyBanu MetonoMm [Y-cnekTpockomii
3 @yp’e-neperBopenusm (I4Y-DIT) na npumani
Spectrum-One (Perkin—Elmer) npu MmacoBomy
cuiBBigHOmEeHH] 3pa3ok—KBr = 1:20. CrnexTpu
EIIP 3HiManu Ha IMIYJIbCHOMY CIEKTPOMETPi
€JIEKTPOHHOIO IMapamarHiTHoro pesoHancy BRU-
KER ELEXSY S E580 FT/C npu kiMHaTHi# Tem-
nepatypi: poboua wacrora — 9.87 I'T'ny, wacrora
Moaysiiii — 100 k[, IHTEHCUBHICTH MOJYJIS-
uii — 1 I'c, pesonatrop — shg 10820. Cunreso-
BaHi KaTaji3aTopu B OKUCHEHHI €TaHOITy JOCIiI-
’KYBaJIM Ha YCTAHOBIII IIPOTOYHOTO TUITY 3 BHUKO-
PUCTAHHSIM CTaLHOTO MiKpopeakTopa (IiameTp
5 MM) y TemnieparypHomy iHTepaii 25-300 °C.
3arpys3ka 3pa3ka ckiazgana 0.5 mi (¢ppaxuis 0.25
—0.5 mm). [l BU3HAYSHHS IBHIKOCTI peaKIIii
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Cunmes CeOr-MoQO3 kamanizamopie

Yyac KOHTakTy BuMipioBaiu B mexax 0.2-2.0 c.
Peakuiitna cymim mictuna 1 % eTaHomy B MOBIT-
pi. BuxiznHi pedoBUHHM 1 MPOAYKTH peakiii aHa-
J3yBaJIM B PEXKHUMI OHJIAMH HA Tra30BHX XpOMa-
Torpadax 3 noysym’ssHO-10HI3alIHHUM JI€TEKTO-

POM 1 IETEKTOPOM IO TerutonpoBigHocTi. KoH-
BEpCisl €TAaHOMY 1 CENIEKTUBHICTD 3a alleTalberi-
oM OyJu po3paxoBaHi BIIMOBIAHO (GOpMyJIaM:

X - (CEtOH (m) - CEtOH (Ow ))
Ho Crion (in)
_ CAC

« (Cron (in) = Cpyopy (out))

ne Xgion — KOHBepCis eTaHomy, %0, Sac— cenek-
THUBHICTS 3a aneranbaeriaom, %; Cgon (in) — Bu-
XiJIHA MOJIIpHA KOHIEHTparis eraHony; Cgon
(out) i Cac— MoOJsIpHA KOHIIEHTPAILliS €TAaHOJY
Ta aleTalbJAeriay Micas peakiii BiAMOBiTHO.

OBI'OBOPEHHA PE3YJIPTATIB. Ha puc.
1 mpencraBieni audpakTorpaMu, Ha OCHOBI
SAKUX BU3HAYEHI CTPYKTYPHO-PO3MIpHI Xapak-
tepuctrku kommnosuiii CeO-MoO3z = 1:1 mo 1
MCAs MEXaHOXIMIYHOI 1 YJIBTPa3BYKOBOI aK-
tuBanii. 3rigHo 3 ganumMu PDA okcumum mepiro
1 MOJIOJIEHy y BHXIIHOMY 3pa3Ky MPHUCYTHI y
BHUTJISIZII KPUCTANITIB KyO0i4HOT 1 OpTOpOMOiY-
HOT (0-) Moamdikamii BiamoBigHO. MakcuMab-
HY IHTEHCHBHICTb Ma€ pedieKc OKCUIy MOJi0-
neny Bin mwiomHu [020]. O6poOka KOMMO3HITIT
BEJIC /10 JIESAKNX 3MiH Y PEHTTeHOTpaMax 3pa3KiB
(puc. 1, 6-0).

VY mepury gepry BapTo BiAMITUTH AEsKi 3Mi-
HU 1HTEHCUBHOCTI pe(eKCiB BUXITHIUX OKCUIIB
1 iX pO3IIMPEHHS, 1110 0OYMOBIEHO 3MEHIIICHHSM
PO3MIpiB KPUCTANITIB (pe3yabTaTH PO3pPaxyHKIB
po3mMipy HaBeneHi B Ta0I. 1).

[IpencraBneni Ha puc. 1, 6—2 naHi mokasy-
I0Th, IO JIJIS1 BC1X 3pa3KiB MICIIsI MEXaHOXIMIYHOT
aKTHBaIlii, HE3aJIEKHO BiJ 4acy oOpoOKH, Mak-
CHUMaJIbHY IHTEHCHUBHICTbh Ma€ pediekc npu 20 =
28.5° (kpucramorpadiuna miommua [111] ¢a-
3u CeOy). Ha nudpakrorpami 3paska miciis 2 roa

100, (2)

S, 100, (3
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Puc. 1. Judpakrorpamu CeO,/MoOz=1:1 komrio3u-
mii: BuxigHa (@), micas MXO nporsrom 2 (6), 4 (s),
8romuu (e) i Y30 (0).

MXO crnoctepiraeTbcsi 3SHUKHEHHSI MiKiB pu 20
12.9 1 39.8°, ski BigmoBigaroTh miomuHaM [020]
1 [150] dha3u MoOQs, 1m0 CBiTIUTH PO YACTKOBY
amopdizarmiro 1iei ¢a3u. Takoxx BapToO BiIMITH-
TH 3MiHYy CHIBBIJHOIIEHHS 1HTEHCUBHOCTEH pe-
¢dnexciB momuH [040] 1 [060] y MoOs3, sike cTa-
HOBUTH joaq)/ljos = 1:1, B TOit wac sk st BUXi-
aHoro 3paska  Ijoag)/ljoso) = 1:2. MoxHa 3pobu-
TH TIPUITYIIEHHS, [0 TaKi 3MIHM BHKJIMKaHI aHi-
30TPOIHUM PYHHYBaHHSM KpHcTamiB o-MoOszy
pe3yibTaTi MexaHoxiMmiuHoi aktuBauii. [Ipu 30i-
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Taonunosa 1

Pesyabtatu P®A i BET xommno3uuii
CeO—Mo0O; =1:1

3pazok L, SEZET’
CeO, MoOs M/

Buxinauii 53 95 1.7
2rox MXO 21 7 4.7
4 rox MXO 18 - 2.7
8 rom MXO 15 — 3.0
Y30 - 70 55

* L — po3Mip KpHCTaiTiB, po3paxoBaHuii 3a (op-
mynoto Llleppepa mis HaliHTEHCHBHIIIMX pegIIeKCiB.

6

Puc. 2. Mikpodortorpadii moBepxHi KOMIO3ULiI
Ce0,/Mo0O3; = 1:1 BuxigHoro 3paska (a), micis 4 ro-
miH MXO (6) i Y30 (s).

JBIIEHH] Yacy oO0poOku kommosutii (4 i 8 rom)
CIIOCTEpIraeThCsl MOBHE 3HUKHEHHSI pepIIeKCiB OK-
CHUy MOJIO/EHY, 110 BKa3ye Ha MOAAIBIIE PYH-
HyBaHHA KpuctaiiB MoQOs, y pe3ysibTari 4oro
naHa (aza 3HAXOJUTHCA y 3pa3Ky B amop(pHOMY
abo BucokoaucnepcHoMy ctaHi. [Ipu 1pomy Bi-
JTHOCHA 1HTCHCUBHICTh PE(JIEKCIB OKCHAY 3Mi-
HIOETHCS CJ1a00, MPU 3arajlbHOMY 3MEHIIIEHHI X
a0CoJIIOTHOT 1HTEHCHUBHOCTI 1 po3mmpeHHi. Ta-
KM YHHOM, OJIEpKaHi pe3yIbTaTH CBIiTYaTh MPO
Te, mo MXO Bene no amopdizalii okcuay Mo-

7i6/1eHy Ta 130TPOIHOTO PYHHYBAaHHS KPUCTAJIiB
OKCHJIy IIEpilo.

Hudpaxuiitna kapTHHa COHOMOAM(]IKOBa-
HOTO 3pa3ka (puc. 1, 0) 3HAUHO BIAPIZHAETHCS BiJ
3paskiB micast MXO. Ha peHtrenorpami mpucy-
THI Jmmie pediekcn, XapakTepHi st o-MoOs
3 MaKCHMMAaJbHOIO 1HTEHCHUBHICTIO pediekcy Bif
mwiomuau [040]. 3MiHa BIAHOCHOI 1HTEHCHBHO-
CTi pe(eKciB OKCHIY MOIIOAEHY, MOPIBHSIHO 3
BUXIJTHOIO CYMIIIIIITIO, CBITYUTh, III0 B JJAHOMY BH-
MaJIKy TaKOXX CIOCTEPIra€ThCs aHI30TPOITHA Jie-
dopmarist okcuny. BincytHicts peduiekciB CeO-
MOke O3Hauaty, 1o B npoueci Y30 BigOyBaeTh-
Csl XaOTUYHE PYIHYBaHHS KPUCTAJIB, a TAKOXK HO-
ro moBHa abo YacTkoBa amopdizairis.

3rigHo 3 nanumu CEM, mopdororis nose-
PXHI 3pa3KiB Miclsl aKTUBALlii 32 30BHIIIHIM BH-
oM ¢abo BiApI3HAEThCS Bix mMopdosorii Bu-
XiIHOTO 3pa3ka (puc. 2), B HUX MPHUCYTHI TOCUTh
BeMKi 1ApiOHI yacTWHKH, ane GopMma iX Jemo
BIZIPI3HAETHCS. Pe3ynbraTit TOYKOBOTO aHaMI3y IMo-
BepxHi MetogoM EJIC mokasyioTh, mo y BH-
MaJIKy BUXIJHOTO 3pa3ka BeNMKi kpuctamu (A)
BUJIOBXKEHOT (hOpMH HajeXaTh OKCHUIY MOIi0-
JIeHy, B TOW Yac K OpiOHOAMCIIEPCHI YaCTHH-
K1 HeBU3HaueHoi ¢opmu (B) € oxcumom mepito
(tabn. 2). Ilpu upomy aHamiz Bci€l MOBEpXHi
3pa3ka JIEMOHCTPY€E NOCUTh PIBHOMIPDHUN PO3-
moain uux okcumiB. Ilicis oOpoOku po3mip yac-
TUHOK OKCHIIB IIepito 1 MOIOEHY CTa€ MEHIIINM,
a ix ¢opma 3MiHIOETECA. BapTo 3BepHyTH yBary
Ha pe3ynbTatd, ofepxani MmetogoM EJIC (talm.
2). V Bumazaky 3paska micis MXO (puc. 2, 6)
CIIOCTEPITa€ThCS MPAKTUIHO OJHAKOBE CITiBBiI-
HIICHHS €JIEMEHTIB Yy BCiX TOYKaxX IOBEPXHi, B
TOMY YHMCIIi JIOCUTh BEJIHMKI KPUCTAIH, 110 MOXKE
CBITUUTH TPO iX PIBHOMIPHUH PO3MOJLT MO 3pa3-
Ky (tabm. 2). Y To# xe yac, y 3pasky micist Y30
BEJIMKI KPHCTAIM, X0U 1 3MIHIOIOTh CBOKO (hopmy
Ha HEeMpaBWIbHY chepuuHy (puc. 2, 8), HaIEKaTh
oKcuay MomioaeHy (tabn. 2), a apidHOIMCTEp-
CHI YaCTMHKM Ha TOBEpPXHi BiJNOBIJAIOTh OK-
CUIly UEpilo.
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Tabnunos 2
ToukoBuii aHaji3 moBepxHi kommo3uiii CeO,/M003;=1:1 meronom EJC (B % art.)

Buximauii 3pazok [Ticns 4 ron MXO Y30
Enemenr

A |B FS* A B C D E S A B FS*

Mo 9653 0 502 5127 5180 5216 5011 4653 505 100 4.03 51.06
Ce 347 100 498 4873 4820 4784 4989 5347 495 - 9597 4894

* FS— 3aranpHa TOBEpXHSA.

75
= iL 6 2

Puc. 3. Mikpodororpadii TEM 3pazka MoOs . micns 4 roauH o0pooOku (a). komnosuilii CeOy/MoO3;=1:1
micit MXO npotsrom 2 (6), 4 (s8), 8ronun (2), emexrponorpadiune gocmimkeras (0) i Y30 (e, ¢).

binbm neranpHa iHopMaris npo mpoiecu, ¢ mpu 006podii MoOs (puc. 3, a). CriBcTaBieH-
Akl BigOyBaloTbcsa Mpu MoAudikyBaHHI kommno- Hs 3 ganuMmu POA i CEM + EJIC no3Bosie Bij-
sunii COy/ MoOs = 1:1, Oyna oneprkaHa 3a 0-  HECTH MPO30Pi YACTUHKH 0 aMOPPHOIO OKCUJLY
nomororo TEM (puc. 3). MoIiO/IeHy, a TeMHI YTBOPEHHSI — JI0 arjoMe-

OtpumaHi pe3ysbTaTd MOKa3ykoTh, 0 MXO  parTiB 4aCTHHOK KpPHCTAIIYHOIO OKCHIY IIEPIFO.
npotsiroM 2 rox (puc. 3, 6) Beae 10 ¢popMyBaH-  30UIbIICHHS TPUBAJIOCTI aKTHBALii 10 4 TOAUH
HsI JICKUJIbKOX THUITIB YaCTUHOK: MO-TIEpINE, TOCUTh  (pHC. 3, 6) Bee A0 3HUKHEHHSI TOJIKOMOMIOHUX
BEJIUKUX (TEMHOro Konbopy) 3 po3mipamu 100— wactunok (MoOsz0.5H20), 3amumiaroreest Jiviie
150 HM, fKi CKIaJar0ThCs 3 OUTBII APIOHUX KPH-  OKPYIUIi mpo3opi 4acThHKU (amoppuuit MoOs) i
CTaJliB, MO-ApYTre, KPYIJIuX MPO30pUX 3 PO3Mi-  YTBOPIOIOTHCS HOBI YAaCTHMHKH 31 CTPYKTYpOIO
pamMu 5—25 HM 1 TOHKHX TOJKOMOMIOHMX (TOB- siipo—o0osioHKa. [Ipy oMy sIIpo Mae po3Mipu
mmHa 2—-3 HM, goBxuHa 50—70 HM), ki MoxyTh  20-50 HM, a Ipo3opa 000IOHKA, KOO BOHO BKPHU-
Ha JIeKATH TiIpaTOBaHOMY OKCHAy MOJiOAeHy Te€ — TOBUIMHY Onm3bko 10 HM. 30UTbIICHHS
Mo0O3'0.5H20, yTBOpEHHS SIKOTO CIIOCTEPIraeTh-  TPUBAJIOCTI 0OpoOKH 3paska (8 roguH) Belae 10
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TOTO, IO B HBOMY (PIKCYIOTBCS JIUIIE YACTUHKU
31 CTPYKTYpOIO sipo—00oionKa (puc. 3, 2). Bu-
JTHO, IO SIIPO — II€ YaCTHHKU 3 po3Mipamu 10
—15 HM, a TOBIIMHA O0OOJIOHKH 30UTBIITYETHCS 10
20-25 um. OctaHHE MOX€ OyTH MOB’I3aHO 31
3HUKHCHHSIM OKPYTJIMX MPO30PUX YACTHHOK,
0 1 BEJIe JI0 BiIOBIHOTO 30UTBIIICHHS TOBIIH-
HU oOosonku. Pesynbratn PDA cBigyaTh, mo y
3pasky micisgs MXO mpucyTHS TUTBKH OJTHA KpHU-
cTamiyHa ¢a3za — OKCHI IIepilo, IO MiATBEp-
JOKYIOTh JaH1 eJeKTPOHOrpadiqHUX JTOCIIKCHD
(puc. 3, 0). OTxe, MOXKHA 3aMpPOMOHYBATH MeXa-
Hi3M (HOpMYyBaHHS KOMIIO3HMTIB THUILY SAPO—000-
nonka. Tak, mpu MXO BiOyBa€eThCsl XaOTHUHE
pyHHYBaHHSI YaCTUHOK OKCHIY IIEpil0 Ta aHi30-
TPOMHE PYWHYBaHHS KPHCTANIB OKCHIY MOJi0-
JIEHY, SIKE CIIOYATKY CYIPOBOKYETHCS YaCTKO-
BOIO iX TiJpaTarfi€ro, a Mpu 30UIBIICHH]I TPUBa-
70cTi 00pOOKH — HaHECEHHSM I[LOTO OKCHUJY Ha
HaHopo3MipHi yacTuHKu CeOy.

Jlemio iHII 3MiHM B CTPYKTYpPi BUXIIHOI Cy-
Milri OyiM BiAMiYeH1 BUIIIE, TIPH 11 COHOXIMIYHIM
00poO11i: aHi3oTponHa Aedopmallis OKCHIY MO-
nibaeny i amopdizartist okcuay mepito. Jani TEM
MPAKTUYHO MiATBEPIKYIOTh Il 3MIHH — CIIO-
CTEpIraroThCsl JIOBracTi KPHCTAIUM OKCHIY MOJIiO-
neny (puc. 3, e), 0OJHaK MpH 301IBIICHH] BHIIHO,
10 Ha 1X MOBEPXHI 3HAXOAATHCS OKPYIJ HAHO-
YaCTUHKH (pHUC. 3, €), sIKI TaKOX MPHUCYTHI 1 OK-
pemo (puc. 3, e). OctaHHI MOXYTh HaJCKATH
pEHTreHOaMOP(PHOMY OKCHIY LEpifo.

TakuM 4YMHOM, 3 HaBEICHHX BUILEC JAHUX
BUJIHO, II[0 PYWHYBaHHS BUXITHUX OKCHIIB, SIKE
BiZIOYBa€ThCSl BHACIIIOK aKTHUBAIIl, MOXKE CyIpo-
BOJDKYBAaTHCh YTBOPECHHIM Je(DEKTIB B iX CTPYyK-
Typi, o BigMiueHo B poOoti [12]. Lle#t daxkr
niaTBepkytoTh aaHi  EIIP, mpeacraBneni Ha
puc. 4. Tak, va EIIP-cnekTpi BUXITHOTO 3pa3ka
(puc. 4, a) cmnocrepiraerbest curHain ¢, = 1.926,
Oy= 1946 1 g,= 1977, axuii, 3rigHo 3 JiTepa-
TYpHUMH JaHUMH, HAJCKUTh TETpa- 1 TEKCaKo-
opamHOBaHHM ioHaM Mo°' B akcianbHO medop-
moBaHOMYy [MoQOg] okraenmpi BimmosigHo. Cur-
Hayu 3 mapametpamu ¢ 1.971,1.97711.979 Bin-

I, Binn.om.
3000000
g 1,979
2000000 i
1 &
1000000 1,974 I\fo
] 1
o |1,9??
] !,||
-1000000 2,004
1,926 1,971 |]| N\WJ
' | Ve
-2000000 - *
) MO 1,948 “"“h
MOSf
-30 4 c
00000 - 5 a
-4000000 |
-5000000 ++—— . . . , . . , v T .
3500 3450 3400 3350 3300 3250
1000000
1,979
0 | X
1,977 54
) I‘J' Mo 202
g b e
-1000000 I\ ¢ \? s Mo
1,941 | |
1 1,956 1,_}3?‘#.\ | \““‘xw
-2000000 oA N
Mo, Mo ! 1\ |
\ | _
\ !
-3000000 - \ i! 0
|
~4000000 - ;
T T T T T T T T T
3500 3450 3400 3350 3300 .., 3260

[G]

Puc. 4. EI1P-criekTpu BUXiTHOTO 3pa3Ka
Ce/Mo=1:1 (@) Ta micna 2 rogua MXO (6).

HeceHi 0 iona Mo”3 poMOIYHEM BHUKpHBICH-
HSIM, TIPU [IHOMY HAsBHICTB TIEPILIOTO MOXKE OyTH
MOB’s13aHa 31 CTPYKTYpHUMH Je(eKTaMU MacCHB-
Horo MoOgs. [IpuHIMTIOBO 1€ HE BiAPI3HAETH-
cs Bin miteparypHux naHux no EITP-cnextpam
s BuxigHoro okcuay [13].

Bcranosneno, mo micist MXO npotsrom 2
rof (puc. 4, 6) Ha ciekTpax (PIKCyeTbCsS CUTHAT
3 mapamerpamu gL 1.941 1 1.956, sxi Biamosi-
JIAI0Th TEKCAKOOPAMHOBAHOMY 10HY M0>" B KpH-
crami MoOs i mepexony ioma Mo 3 Terpa- B
MEHTaroHaJIbHYy KOOPJUHAIII0, BiAMOBIAHO, 110
MOX€ CBITUHTH TIpo mociabieHass Mo—O 3B’s-
3Ky B okTaeapi. lupokuii curnan ¢ = 2.02, mo
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CIIOCTEPITaeThCSl HA CIEKTPI MEXaHOAKTHBOBA-
HOTO 3pa3ka, MOke OyTH BIJIHECEHH 70 10H-pa-
mukany Oz, JIOKani30BaHOMY B KOOPAUHAIIHHIN
chepi kaTioHiB Mo®%". BeranoBieHo, 1o 36iib-
IICHHS! TPHUBAJIOCTI OOPOOKU CIIpHsI€ 3POCTaH-
HIO 1HTEHCHUBHOCTI IIbOTO CUTHaTY. IMOBipHO, 11€
IIOB’S13aHO 3 THM, IO MapaMarHiTHI MOJi0JeH-
OKCUTEHOBI KJIaCT€pH MOYMHAIOTH CHJIBHO B3ae-
MOJIISITH OIMH 3 OJHUM 1, MOXKJIMBO, YTBOPIOIOTh
OJHOBHUMIpHI cTpyKTypH. Lli maHi y3roKyroTh-
cs 3 pesynpraramMu POA mipo aHizoTpornHe pyii-
HyBaHHs Kpuctaimy MoOs. Cnektpu EITP Cce® (3
g = 1.960) ne Oynu 3apeecTpoBaHi U 3pa3KiB
micigs MXO 1 Y30. IMOBipHUM TOSICHEHHSIM
pOro GakTy Moxke OyTH Te, IO TepMOOOpPOOKa
COHOAKTHBOBAaHOTO 3pa3ka IMpH MOro BUCYIIY-
BaHHI Ta JIOKalbHI po3irpisu npu MXO BenyTh
JI0 TOro, 10 10HH Ce® ax neeKTH Kpuctamy
CeO2 € 01M3BbKO pO3TAIIOBAHUMU NapaMu. BHa-
CIIIIOK CIIIH-CIIIHOBOI B3a€MOli OCHOBHUM CTa-
HOM € HEMAarHiTHUW CUHTIET abo X crocrepe-
KEHHIO PE30HAHCY NEPEUIKOIKAa€E BUCOKA IIBU-
JKICTh CIIH-PEIITKOBOi penakcarii. Bucokoro
IIBUIKICTIO penakcallii ioHiB 1epito (1 ix map)
MOJKHA TIOSICHUTH 1 CIa0KW{ BIUIMB Ha HUX
ionis Mo>".

JlaHi 10 KaTaIITUYHUM BJIACTHBOCTSIM OK-
cumHoi cymimr CeO2/MoO3 = 1:1 B peakii ce-
JIEKTUBHOTO OKHCHEHHS €TaHOJy Mpe/CTaBlIeHI
Ha puc. S 1 y3araiapHEHi B Tabi. 3.

OCHOBHMM HAamnpsIMKOM peakKilii OKUCHEH-
HSl CIIUPTY HAa JAaHUX 3pa3kax € OKHUCHIOBAJIbHE
JET1IPYBaHHS €TaHOJIy J0 OITOBOTO aJbJACTIMY.
Takox IMOKa3aHO, IO PEAKIlisl MPOTIKAE 3 yT-
BopeHHsM eTriieHy, CO 1 CO2 gk moOiYHUX TIPO-
IOYKTiB. Y TIpoLeci MEepeTBOPEHHS €TaHOJy Ha
BUXITHOMY 3pa3Ky (Temmeparypa MOYaTKy pe-
akiii 185 °C) makcuMalibHa CENEKTUBHICTh ajlb-
Jeriny Moxe nocsrati 96 % mpu Temmeparypi
270 °C, a makcuMmanbHa kKoHBepcis — npu 300
°C 3 BuUxozoM omroBoro ampaerigy 61 %. Ilo-
kazaHo, 1mo MXO okcugHOi Cymim MpoTs-
roM2 rof (puc. 5, 6) Bene 10 3HAYHOTO 3HIKEH-
HA TeMIepaTypu peakuii (Imo4aTok peakiii

R 0
100 - 6 a

80

60+

40

Konsepcia etanony, %

100 150 " 200 250 300 T°C

Puc. 5. 3anexnicts xouBepcii C,HsOH Big temme-
patypu gt CeOo/MoO3 = 1:1 kaTamizaTopiB: BHXIi-
woro (a), micis MXO npotsrom 2 (6), 4 (s), 8 ro-

o (2) 1 Y30 (0).
Taonunsa 3

Karamituuni BaacruBocti kKommosumii CeO,—
MoO;=1:1 micas MXO i Y30
T o CenexTuBHICTh
peaiath mpu X* =100 %
3pazok
X50% XlOO% CH3CHO C2H4
Buxignuii 240 300 61 6
2 ron MXO 186 230 92 5
4 rog MXO 180 215 97 3
8 ror MXO 158 200 96 2
V30 172 220 93 —

* X — KOHBepCis €TaHOIy.

110 °C) i MakcUMalbHUI BHXIiJl OLITOBOI'O ajlb-
neriny craHoBuTh 92 % mpu temmneparypi 230
°C. Ilomanbie 301IbIIEHHS TPUBAJIOCTI 00pPOO-
ku 10 4 1 8 rox (puc. 5, 6, 2) 30UIbIIy€E aKTHUB-
HICTh 3pa3KiB 1 MaKCUMAaJIbHUW BUXIiJ alleTaiib-
nerixy ctanoBuTh 97 1 96 % mpu 215 1 200 °C
BinnoBigHo. [lanuit pakt moxxna Oymno 6 mosic-
HUTH 3MCHIICHHSM PO3MIPY YaCTUHOK Y PE3yIlb-
TaTi 00poOKH, 30UIBIICHHSIM X TUTOMOI TOBEP-
xHl (Tabm. 1) 1 GopMyBaHHSM CTPYKTYpPHHX
nedekTiB K KaTaTITUYHO aKTHUBHUX LIEHTPIB.
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Anle 3MEHIIIEHHS! TUTOMOI MOBEPXHI 3pa3KiB IIi-
cist 41 8 rorua MXO He Bene 40 3HIKEHHS
aKTUBHOCTI KaTalli3aTopiB, 4, HABIIAKH, CIIPHSIE
ii 3pocranHio. lle mo3Bosisie 3poOUTH TIPHUITY-
IICHHS, 10 30UIBIIEHHS €(EKTUBHOCTI 3pa3KiB
B OKHCHEHHI CIIUPTY IOB’S3aHE 3 yTBOPEHHIM
YaCTUHOK 31 CTPYKTYpPOIO SApO—00OJIOHKA, Ha
MOBEPXHI SKUX 3HAXOAUThCS aMop(HUN OK-
cux MoJIOAeHY 3 10HAMH Mo B TeTpaeapu-
YHIA KOOpAWHAII, 3[aTHIX KOOPIUHYBATH OK-
cureH y popmi Oy, skwmii i 6epe ydacTb B ak-
TUBalLlli peareHTy.

AHanoriyde 301bIICHHS aKTUBHOCTI CIIO-
CTEepIraeThesl AJi 3pas3Ka, OJEpPKAHOTO B pPe3y-
JBTATI yIbTPa3BYKOBOI aKTUBAIll OKCHIHOI Cy-
Mmimi. Ha maHoMy karasmizaTopi MOBHE MEpPETBO-
peHHs eranony gocsaraerbes npu 220 °C (puc. 5,
0), TIpUYOMYy BHUXiJ OIITOBOTO aJIbJIETiqy CTa-
HOBUTH 93 %, B TOM 4Yac sIK Ha BUXITHOMY 3pa3-
Ky MpU I XKe TeMIepaTypi CHOCTEPIra€ThCs
muiie 4 % BuUXOLy NpOoAYyKTy. MokHa mpumyc-
TUTH, 10 B JAHOMY BHITaJIKy 30UIbIIECHHS aKTH-
BHOCTI 1 CEJIGKTUBHOCTI TOB’si3aHe 3 (hOpMyBaH-
HSM HaHOPO3MIpPHHUX, OPIEHTOBAHUX IO TIJIOIIU-
Hi [040] kpucTaniB OKCHAY MOJIOACHY.

Ha xopucTh 1UX mpuIyIieHb Mpo MpHpO-
Iy aKkTUBHHUX (a3 B OKHMCHEHHI €TaHONIy CBij-
9aTh 1 BU3HAYCHI HAMH 3HAYCHHS MMUTOMOI IIIBH-
nxocti okucHeHHs (mpu 185 °C). Sk BumHO 3
puc. 6, cocTepiraeTscsi 3HaUHUH picT (OlnbIe,
HIXK Ha TOPSAOK) Ii€l BENIWYMHH ISl 3Pa3KiB,
onepxkanux miciass MXO (Bix 0.07 monb/rox M2
y Buxigmii cymimi no (1.2-1.7)-10™ y 3paskax
miciast MXO). 3pazok micas Y30 3aiimae mpomi-
JKHE TOJIOKEHHS MK BHXIJHOIO CYMIIIIIIO OK-
cuaiB 1 3paskamu micast MXO.

BpaxoBytoun npasuno bopeckoBa npo mo-
CTIMHICTh ITUTOMOI KaTaJIITHYHOI aKTHBHOCTI, MO-
JKHA BBaXKaTH, 110 B pe3yJbTaTi 0OpoOKH BiOy-
Ba€ThCsl (POPMYBAHHS HOBOT'O KATATITHYHO aK-
TUBHOTO KOMITOHEHTa KaTaunizaTopa. ®opmyBaHn-
HSl HAaHOPO3MIPHHUX CTPYKTYp OKCHAY MoJiOje-
HY B pe3yJbTari Horo aHi30TpomnHoi aedopmariii
Belle A0 30UTbIIEHHS aKTMBHOCTI, OJHAK Pi3-

MOJIB/TOI-M

0,94

w-10°
=
L

0,3+

0,0 T T

Puc. 6. 3ajeKHICTh MUTOMOI IIBUIKOCTI PEAKIil Bij
nutomoi moBepxHi it CeO,/MoO3 = 1:1 karamiza-
Topis: Buxigmoro (1), micas MXO mnporsrom 2 (2), 4
(3), 8 romun (4) i micns Y30 (5) .

Ke 3017bIIEeHHsI aKTUBHOCTI TOB’S3aHE 3 yTBO-
PEHHSM KOMIIO3HTIB THITYy SIIPO—000JIOHKA, JIie
map aMop(HOTro OKCUAY 3HAXOIUTHCS Ha TOBE-
pxHi CeO2. MOXIUBHM TaKOX € T€, M0 OKCH]I
Lepito B il CUCTeMi BIFIrpae poiib HE TUIbKU
HOCis (siapa), ane ¥ cIyrye mpoMOTYIOYO J0-
MIIIIKOIO.

Ominka cTaOUTBHOCTI KaTaiizaTopa TOKa-
3aj1a, 1110 BUXiJl OLTOBOTO aJIbAETiTy HA MEXaHO- 1
COHOAKTHBOBAaHOMY 3pa3Kax 3aJIUIIA€ThCS Oe3
3MiH micns 45 ronuH Ge3nepepBHOi podoTH. Ta-
KM yuHOM, M X- 1 Y3-00p00OKH 103BOJISIOTH O/Ie-
pkatu e(eKTHBHI 1 CENeKTHUBHI Karai3aTopu
KOHBEPCIi €TaHOJy JI0 OLITOBOTO albJETiay.

BHUCHOBKH . Pe3ynbTaTd AOCHTIIXKEHD
BIUIMBY MEXaHOXIMIYHOI 1 yJIBTPa3BYKOBOI 00po-
o6xu kommo3umii CeO2/MoOz = 1:1 Ha ii cTpyk-
TYpHI 1 KaTQTITHYHI BJACTUBOCTI CB1IYaTh, 110 B
MpolLeci aKTUBALil BiIOYBA€ThCS 3MEHILICHHS PO-
3MIpiB KPUCTATITIB BUXITHUX OKCHJIIB 3 YTBO-
PEHHSM KOMIIO3UTIB Y HAHOJUCIEPCHOMY CTa-
Hi, 30UIBIIIEHHST TUTOMOI IMOBEPXHi 1 MOKpAIIEH-
HS KaTaTITUYHUX BIACTUBOCTEH B peaKIlii OKuC-
HEHHSI €TaHOJIy JI0 OUTOBOro anpaerimy. Onep-
KaHl pe3ysIbTaTH e pa3 MiATBEPIKYIOTh, 10
BHCOKa aKTUBHICTh 3pa3KiB y MPOIECi yTBOPEH-
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HS al[eTAIBJIETily IUISIXOM OKHCIIOBAILHOTO Jie-
TiApYBaHHsS €TAaHOJIy BU3HAYAETHCS HASBHICTIO
BHUCOKOI JUCTEepCHOCTI akTUBHOI ¢azu MoOj3
(okcuay mepito BiBeAEHA POJb MPOMOTYIOUOT
JIOMIIIIKH), ajie TIPH OUTBII TiCHINA B3aeMOJIi X
OKCHU/IIB (HAMPHUKIIAJ, YTBOPEHHI CTPYKTYPH SIJI-
po—000JI0HKa) MOXYTh OYTH JOCATHYTI Haii-
Kpamii moka3Huku. [Ipu TemmepaTtypax peakmii
6mu3pk0 200 °C BHXiZ NPOIYKTY CTAaHOBHTH 96—
97 % mnpu Takiit ke cenekTuBHOCTI. [IpomykTu-
BHICTH 32 UM MPOIyKTOoM — 1.8 MONB/KI"TO, 1
B IJIOMY OJIepaHi1 MOKa3HUKHA JIEMOHCTPYIOTh,
IO JIaHWUH MPOLIeC Ha CHHTE30BAHUX MPOCTUMHU
METOJaMH 3pa3Kax OKCHIHHMX KaTali3aTopiB MO-
K€ PO3TISAATUCSA SIK aJbTePHATHUBA BIJIOMOMY
Baxkep-niporiecy rimpataiiii eTuieHy 0 OITO-
BOTO aJIBJETiy.

CHUHTE3 CeO,-Mo0O3s-KATAJIM3ATOPOB CEJIEK-
THUBHOI'O OKUCJIEHMA OTAHOJIA HETPA-
JUIIMOHHBIMU METOOAMU

E.B. Cauyx*

Hucmumym copoyuu u npodrem suoosxonoeuu HAH
Ykpaunwv, yn. I'enepana Haymosa, 13, Kues,
03164, Yxkpauna

* e-mail: Slena95@ukr.net

Nzyuyeno Bnmsiane Mexanoxumudeckoi (MXO) wm
yapTpazBykoBoir (Y30) o0paboTkm Ha (HU3HKO-
XAMHAYEeCKHe cBoMcTBa KoMmmo3uimu CeO,—MoO3 =
1:1. YcTaHOBIIEHO YBEIIMUEHHE YACIBHOU TTOBEPXHO-
CTH, YMCHBIIICHHE pPa3MEpPOB KPUCTAJUIUTOB M (op-
MHPOBaHHE HAHOCTPYKTYP THIIA SIPpOo—000JI0UKa BCIIE/I-
crBue MX- n ¥Y3-o0paborku. Katanurnaeckue cBo-
HCTBa TOJYYCHHBIX O0Opa3IOB HCCICIOBaHBI B pe-
aKIMW CEJNIEKTHBHOTO OKHCIeHHs 3TaHona. llokaza-
HO, YTO MEXaHO- ¥ COHOXUMHUECKasi 00pabOTKH cMecH
OKCHJIOB TIO3BOJISIFOT TOJYYUTh BBICOKYIO CEIEKTHB-
HOCTB 110 YKCycHOMY anpaeruny (97 %) npu 215 °C
Y BEIUYMHE MPOJYKTHUBHOCTH MO 3TOMY HPOIYKTY
1.8 MOJIB/KTIar - U.

KnioueBsie cIIoBa mnepuid-MoaudIecHOBAS
CHUCTEMa, HAHOKOMIIO3UT, COHOXHMHS, MEXAHOXU-
MUYecKas 00pa0OTKa, KaTajau3aTrop, STAaHOMd, YKCYyC-
HBIM anbIerul.

SYNTHESIS OF CeO,-Mo0O; CATALYSTS OF
SELECTIVE ETHANOL OXIDATION BY NON-
TRADITIONAL METHODS

0O.V. Sachuk*

Institute for Sorption and Problems of Endoeco-
logy of National Academy of Sciences of Ukraine,
13 General Naumov Str., Kyiv, 03164, Ukraine
* e-mail: Slena951@ukr.net

The influence of mechanochemical (MChT)
and ultrasonic (UST) treatment on physic-chemical
properties of CeO>-MoO3=1:1 composition was stu-
died. The prepared samples were characterized by of
XRD, ESR, N, adsorption, FT-IR-spectroscopy, EPR,
SEM and TEM methods. The catalytic properties of
the samples in selective ethanol oxidation to acetal-
dehyde were studied. It was found that both process-
es lead to decrease of oxides particles size with na-
noparticles formation as result of CeO, chaotic dest-
ruction and MoOs anisotropic deformation was shown.
Increase of time MChT accompanied by full molyb-
denum oxide amorphization and its deposition on
surface of CeO, nanoparticles. As result the nano-
structures formation of type “core-shell” was shown
after MChT by TEM method. In contrast with this
the ultrasonic treatment of CeO,-Mo00O; sample ac-
companied by grinding of oxides with nanosize par-
ticles formation, only. It was established that the
samples with core-shell structure demonstrate maxi-
mal activity and selectivity in ethanol partial oxida-
tion to acetaldehyde from studied modified composi-
tions. The yield of this product is equal to 96-97 %
at reaction temperature 215 °C which exceeds known
literature data. These data and high productivity to
acetaldehyde (1.8 mol/kgey-h) show the perspective
one new acetaldehyde production process develop-
ment which can replace Wacker-process use of
PdCI,/CuCl, catalyst.

Keywords ceium-molybdenum system, na
nocomposition, sonochemistry, mechanochemical tre-
ament, catalyst, ethanol, acetic aldehyde.

JITEPATYPA

1. Jlebeoes H.H. XuMua U TEXHOJIOTHS OCHOBHOTO
OpPraHUYECKOT0 U HEPTEXUMHUECKOTO CUHTE3a. 4-¢
n3a. - M.: Xumns, 1988.

ISSN 0041-6045. YKP . XIM . XKYPH ., 2019, 1. 85, Ne 10 99


mailto:Slena951@ukr.net�

O.B. Cauyx

10.

11.

12.

100

Tumogpees B.C., Cepaghumos JI.A. Npunnunet tex- 13. Bobopuko H.E., Boopuxos U.A., Muluxo /.HU., Kap-

HOJIOTUM OCHOBHOTO OPraHMYECKOTO U HE(PTEXUMH-
YeCKOro cuHre3a. 2-¢ u3. -M.: Bercmr. mik., 2003

Trovarelli A., Fornasiero P. Catalysis by Ceria
and Related Materials. Catalytic Science Series.
Imperial College Press: Copyright. 2013. -Val. 2.

Stoyanova A., lordanova R., Mancheva M., Dimi-
triev Y. Synthesis and structural characterization
of MoOj; phases obtained from molybdic acid by
addition of HNO; and H,0, // J. Optoelectronics
and Advanced Materids. -2009. -11, Ne 8. -P.
1127-1131.

Yoshitake H., Aoki Y., Hemmi S. Mesoporous tita-
nia supported-molybdenum catalyst: The formati-
on of a new mesophase and use in ethanol-oxygen
catalytic reactions // Micro-porous and Mesopo-
rous Materias. -2006. 93, Ne 1-3. -P. 294-303.

Li M., Wu Z., Overbury S.H. Surface structure de-
pendence of selective oxidation of ethanol on fac-
eted CeO, nanocrystals // J. Catal. -2013. -306.
-P. 164-176.

Goncalves F.M., Medeiros P R.S., Appel L G. The
role of cerium in the oxidation of ethanol over
SnO,-supported molybdenum oxides // Appl. Catd.
A: Generd. -2001. -208, Ne 1-2. -P. 265-270.

Zazhigalov V.A., Wieczorek-Ciurowa K. Mechano-
chemiczna aktywacja katalizatorow wanadowych.
—Krakow: Wyd. Polytechn. Krakowska, 2014.

3aocueanos B.A., Cauyk E.B., Konauesckas H.C. u
Op. MexaHOXUMHUYECKAN CHHTE3 HaHOpPa3MEpPHBIX
coenunennit B ZNO-M0O; cucreme // Teoper. u
skcnepuM. xumus. -2016. - 52, Ne 2. -P. 96-102.

Sachuk O., Kopachevska N., Kuznetsova L. et al. In-
fluence of ultrasonic treatment at properties of
ZnO-Mo0O; oxide system // Chemistry and Che-
mical Technology. -2017. -11, Ne 2. -P. 152-157.

3aoicucanos B.A., Cauyk E.B., Konauesckas H.C. u
Op. BnusHue ynbTpa3ByKOBOM 00paboTku Ha (o-
PMHPOBaHHE HAHOPA3MEPHBIX COCIMHCHUHA B CHC-
teMe ZnNO-M0O; // TeopeT. 1 SKCTIEPUM. XUMHUSL.
-2017.-53, Ne 1. -C. 51-57.

Tonybospos B.A., Kuceresuu C.H., Kupuuenxo O.A.
u Op. Mexanuueckasi o0paboTka W (PU3MKO-XU-
Muueckre cBoiictBa MoQOjz // Heopran. marte-
puanel. -1998. -34, Ne 11. -C. 1365-1372.

xoykuti I. CHHTE3 ¥ CTPYKTYypa Ta304yBCTBUTEIb-
HBIX KOMIO3HUTHBIX MmatepuanoB Ti0—MoOs; //
Joxin. Hammon. akamemun Hayk bemapycn. -2014.
-58, Ne 1. -C. 75-80.

REFERENCES

1. Lebedev N.N. Chemistry and Technology of the
Main Organic and Petrochemical Synthesis. (Mos-
cow: Chemistry, 1988). [in Russian).

2. Timofeev V.S, Serafimov L.A. Principles of
Technology of Basic Organic and Petrochemical
Synthesis. (Moscow: Vyschaya shkola, 2003). [in
Russian].

3. Trovarelli A., Fornasiero P. Catalysis by Ceria
and Related Materials. Catalytic Science Series.
Vol. 2. (Imperia College Press: Copyright, 2013).

4. Stoyanova A., lordanova R., Mancheva M., Di-
mitriev Y. Synthesis and structural characteriza-
tion of MoOs; phases obtained from molybdic
acid by addition of HNO; and H,O,. Journal of
Optoelectronics and Advanced Materials. 2009.
11 (8): 1127.

5. Yoshitake H., Aoki Y., Hemmi S. Meso-porous
Titania Supported-Molybdenum Catalyst: The
Formation of a New Mesophase and Use in Eth-
anol-Oxygen Catalytic Reactions. Microporous
and Mesoporous Materials. 2006. 93 (1-3): 294.

6. Li M., Wu Z., Overbury S.H. Surface Structure
Dependence of Selective Oxidation of Ethanol
on Faceted CeO, Nanocrystals. Journal of Ca-
talysis. 2013. 306: 164.

7. Gongalves F.M., Medeiros P.R.S., Appd L.G. The
Role of Cerium in the Oxidation of Ethanol over
SnO,-supported Molybdenum Oxides. Applied
Catalysis A: General. 2001. 208 (1-2): 265.

8. Zazhigadlov V.A., Wieczorek-Ciurowa K. Mecha-
nochemiczna aktywacja katalizatorow wanadowych.
(Krakow: Wyd. Polytechn. Krakowska, 2014).

9. Zazhigalov V.A., Sachuk E.V., Kopachevskaya
N.S., Bacherikova 1.V., Wieczorek-Ciurowa K.,
Shcherbakov C.N. Mechanoche-mical Synthe-
sis of Nanodispersed Compounds in ZnO-Mo0s
System. Teor. Exp. Chem. 2016. 52 (2): 97.

ISSN 0041-6045. YKP . XIM . XXYPH ., 2019, 1. 85, Ne 10



Cunmes CeOy-MoQO3 kamanizamopieé ceieKmueHo20 OKUCHEHHS emAaHo) ...

10.

11.

ISSN 0041-6045. YKP . XIM . XKYPH ., 2019, 1. 85, Ne 10

Sachuk O., Kopachevska N., Kuznetsova L., Zaz-
higalov V., Starchevskyy V. Influence of Ultra-
sonic Treatment at Properties of ZnO-Mo0O; Oxi-
de System. Chemistry and Chmical Technology.
2017.11 (2): 152.

Zazhigalov V.A., Sachuk E.V., Kopachevska
N.S., Starchevskyy V.L., Sawlowicz Z. Effect of
Ultra sonic Treatment on Forma-tion of Nano-
dimensional Structures in ZnO-MoO; System.
Teor. Exp. Chem. 2017. 53 (1): 53.

12.

13.

Poluboyarov V.A., Kisdevich S.lI., Kirichenko
JA., Pauli I.A., Korotaeva Z.A., Dektyarov S.P.,
Ancharov A.l. Mechanical treatment and physic-
chemical properties of MoOa. Inorganic Materi-
als. 1998. 34 (11): 1365. [in Russian].

Boboryko N.E.,Bobrikov 1..A., Michko D.I., Kar-
kockii G. Synthesis and Structure Gas Sensitive
Composite Materias TiO~M00s. Reports of the
National Academy of Sciences of Belarus. 2014.
58 (1): 75. [in Russian].

Hapiiuuia 04.06.2019

101



OPI'AHIYHA XIMIA

VK 547.458:544.136:543.51

doi: 10.33609/0041-6045.85.10.2019.102-115

JI.B.KoGOpina*, B.B.boiiko, C.B.Ps60oB, JI.A.Opea, C.I.CinenbnikoB, B.L.IIITomnenn

MNOJITAKPJIMJIAMIJIHI MATPUILII HA OCHOBI B-UUKJIOJAEKCTPUHBMICHOI'O
IICEBAOPOTAKCAHY JJIsA IMTPOJIOHI'OBAHOI'O BUBIJIBHEHHS
JIIKAPCBKUX IIPEITAPATIB: CUHTE3 TA BJIACTUBOCTI

Inemumym ximii eucoxomonexynapnux cnonyk HAH Ykpainu, eyn. Xapkiecvke wioce, 48,
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[IpoBeneno cuHTe3 P-IUKIOAEKCTpUHBMICHOTO TiceBmopoTakcany (B-LII-IIP) ma ocHoBi -
nuknonekcTpuny (B-LJ) i momiokcunponiieHAMMeTakpriaTy Ta oOfepKaHi MoiMepHi MaTpHUIli
Ha OCHOBI 3IINTOro mosiakpuiaMiny 3 pisHuM BmictoM B-LIZI-ITP. OTpumani cionyku oxapak-
Tepu3oBaHO MeTogoM [Y-criekrpockomii. CTpyKTypHI JOCTiIKEHHS MTOIMEPHUX CHCTEM BHKO-
HYBaJIM METOJIaMH IIUPOKOKYTOBOTO Ta MaJIOKyTOBOTO PO3CIIOBaHHSI PEHTI€HIBCHKUX MPOMEHIB
Ta MipoyiTHUHOI Mac-criekTpometpii. Metogom JICK nocnimkeHo TemnodisuyHi XapakTepucTH-
KM 3pa3KiB. BCTaHOBICHO BIUIMB KUTHKOCTI IICEBIOPOTAKCAaHY Yy MATPHIll HA KIHETHKY BH-
BUTPHEHHSI JIIKapChbKUX TMpemapariB. [linm wac JOCHIMKEHHS BIUIUBY IICEBIOPOTAKCaHy Ha
KiHETHKY BUBUIBHEHHS JIOpaTaJHHy Ta METOIPOJION-CYKIMHATY BCTaHOBJICHO, IO BBeJAeHHS 10
% Mac. IICEeBAOPOTAKCaHy B MOJIMEPHY MaTPHLIO € ONTUMAIbHUM Ul ICTOTHOT'O yIIOBUIBHEHHS

necopOrrii JIIKapChKUX Mperaparis.

Kamo4yoBi cinoBa:

B-IIMKITOACKCTPUHBMICHUN TICEBIOPOTAKCAH, MOIaKpHIaMiTHa MaT-

pHILS, TPOJIOHTOBaHa Misl, JIIKAPCHKUH Iperapar.

BCTVII. OniromepHi Ta mojiMepHi MaTte-
piaym 3HaXOIATh OCTaHHIM YacOM HIMPOKE BH-
KOpPUCTaHHS y (apMarieBTUYHIN ramy3i, 30Kpe-
Ma, JJIs OJIepXKaHHS JIIKapChKUX 3acO0iB MpO-
JIOHTOBaHOI fii. JloBeneHo e(heKTUBHICTh 3aCTO-
CyBaHHS TOJIIMEPHHUX HOCIIB JIIKIB y reMaToo-
rii, OHKOJIOTIi, IpH JIIKyBaHHI IIKIPHUX 3aXBO-
pIOBaHb, TOPMOHAIBHUX pO3iaiB ToIo [1-4].
[TogoBkeHHS TEepMiHY il JIKApPCHKHUX Iperapa-
TiB € BXJIMBUM, OCKUIBKH B 0araTh0X BUMAAKaX
HEOOXIJTHO MiATPUMYBATH ONTUMAIbHUHI piBEHBb
KOHIIEHTpalii mpenapatiB y Ol0JOTIYHUX piau-
HaX 1 TKAaHWHAX OpPraHi3My MPOTATOM 3a3Haye-
HOTO 4acy, 10 MPAaKTHYHO HEMOXKIIMBO TMPU BHU-
KOPHUCTaHHI TpaJULIHHUX JIIKapChbKUX GopM (Tabd-
JIETOK, PO3YMHIB JJIs 1H €KIIIA, Ma3eil, remiB To-

0). MiX THM JIHMIIIE Maja 9acTKa aKTUBHOI pe-
yoBuHU (pubnu3Ho 10 10 %) mocsirae xBopo-
ro OpraHy-MilleHi, a pemTa MOXe BUKIUKATH
TOKCUYHY JIif0 B IHIIUX YaCTHHAX OpPTraHi3My.
3a3zBuuail (apmakosnoriyHui e(peKT O0JHOpPa30BO
NPUMHATOTO JIIKapChKOTO MperapaTy MpOsBIIs-
€THCS MPOTATOM 3—6 TOAMH, TOMY HEOOXiTHICTh
HiATPUMAaHHS TEepaneBTHYHOI [ii JIKIB 3yMOB-
J0€ MOTpedy MOBTOPHOTO 0araTopa3oBro BBe-
IEHHA IX 1, IK HACIIAOK, MOCHUIIOETHCS IIKIIIN-
Ba TOOIYHA isl.

Takum 4YMHOM, OCHOBHA MeTa B PO3po0IIi
3ac00iB aIpeCHOi JOCTABKH JIiKIB MOJSITAE B yC-
HIITHOMY BHpILIEHHI Mpo0IieM, MOB’sI3aHUX 3 JI0-
CTaBKOIO JIIKAPCHKOTO Tperapary 10 MICIs Te-
pamneBTUYHOI [ii, IPU OJHOYACHOMY 3HMKEHHI
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no01YHuX e(heKTiB. 3aCTOCYBaHHs MpenapariB Mpo-
rpaMOBaHOi MPOJOHTOBAHOI il 3 aAPECHUM BHU-
BIJIbHEHHSIM 1HKOPIIOPOBAHUX AKTHUBHMX JIKap-
ChKUX CyOCTaHIii 3MeHIIye HMOBIpHICTh Heba-
KaHMX HACHIAKIB y pa3l HopylieHHs rpadika
npuiioMy JTIKIB, @ TaKOX 3MEHILY€E 4ac, 110 BU-
TpayaeThCcsl Ha MpoleaypH (OAHA MpoLeaypa 3a-
MicTh 4-5 mpuitoMiB ab6o in’exmiit) [5-6]. TIpo-
JIOHTOBAHOI [Iii JIIKIB MOXXHA JIOCSITU BUKOPHU-
CTaHHSAM PI3HUX METOJIB, HANPHKIAa, BBEICH-
HSIM JIIKQpChKOi PEYOBUHH B MOJTIMEpPHI MaTpU-
i, a TAKOXK 332 PaxyHOK KOMIUIEKCOYTBOPEH-
HS (Hanmpukiaa (opMyBaHHS KOMILJIEKCIB THUITY
rictb—xassin). CUCTEeMH MaTpHYHOTO THITY 3 KOH-
TPOJIbOBAaHMM BHBUIBHEHHSAM JIIKaPCHKUX pPevo-
BUH HUHI BHUTOTOBJISIOTH 31 CHIBIIOJIMEpPY €TH-
JeHy i BiHioBoro cnupty (cmiBnosimep EBC),
nojiakpuiaaminy, a takoxx mom [N-2(rigpoxcu-
npomnin)merakpuwiaminy| [2]. OcranniMm yacom
Ha OCHOBI MAaTpHIlb aKpPWJIAMIiIiB CTBOPIOIOTH
TiI[poreneBi CUCTEMHU, 3AaTHI 0 IHKOPIIOpAIlii Jii-
KapChKHX IpernapariB 1 3MiHU XapaKTePUCTHK
(30kpema uQy3iiHUX) i BILTABOM 3MiH Yy OTO-
yyro4omy cepenouini (pH, temneparypa) [7-11].

[Tpore cmenudika BUKOPUCTAHHS TaKHX
MarepiajiB CTBOPIOE TIEBHI OOMEXEHHs, IMOB’ -
3aHi 3 X CYMICHICTIO 3 010JIOTIYHUMHU TKaHHUHA-
MU 1 37aTHICTIO 10 Oiogectpykiii. [lum BuUMO-
raM HaWKpaie BiJIMOBIJAIOTh MaTepialid Ha
OCHOBI TIPUPOJTHHUX TMOJIMEPIB — TOJIIMOIOYHOT
KHCJIOTH, MEKTUHY, AEKCTPHUHY, XiTO3aHy, KOJa-
reHy, JKelaTuHy, arapo3u Ta iH. Taki HOcCIi Ma-
I0Th CTIHWKi BIACTHBOCTI W O10CYMICHICTh 13 TKa-
HUHAMHU OpraHi3mMy. BoHu ctaOinbHI B KpOBI Ta
iHIMX (i310JIOTIYHUX piAMHAX, HETOKCHYHI, He-
TpOMOOTEeHH1, HEIMYHOT'€HHI, He3aMajbHi, HE aK-
TUBYIOTb HeWTpoginu, GiogerpagadbenbHi Ta IpH-
JaTHI JUIsl IHKANCYJSIIil Pi3HOMAHITHUX JIiKap-
CBKMX IpemnapariB, OUIKIB, MENTHAIB UM HYyK-
aeiHoBux kucior [12, 13].

EdexkTtuBHUM MeTOIOM TMpoOJIOHTAIil, a
BOJHOYAC 1 301IBIIEHHS CTaOlILHOCTI JIKapCh-
KHUX PEYOBHH, € CIIOCIO BKJIIOYEHHS iX y CTPYyK-
Typy KJaTpaTiB (KJIaTpaTOyTBOpPEHHs) abo X
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OJIEp’KaHHS KOMIUIEKCIB BKJIFOYEHHS TUILY TiCTh—
xa3siH. Jlo pe4oBuH, 10 YTBOPIOIOThH KJIATPaTHI
CTOJYKH, a TaKOK KOMIUIEKCH BKITIOYCHHS, Ha-
JeXaTh CEUYOBMHA, XOJIETHOBI KHUCIIOTH, IPOTETHH,
LUKJIOAEKCTpUHU Ta 1H. CaMme IMKIIOAEKCTpHU-
Hu (L) mpuBepraroTh BelMKy yBary (axiBLiB
3aBJISIKY X YHIKQJIbHUM KOMILUICKCOTBIPHUM BJIa-
cruBocTsM [14]. Ckaximo, y papmakororii BoHu
BUKOPHCTOBYIOTHCSI HaiuacTille K coito0iiza-
TOPU JNO(MIIBPHUX MOJIEKYJ JIKapChKUX 3aCO-
01B U1 moJinmeHHs iX 01010CTYNHOCTI 1 3HH-
YKEHHsI HETaTUBHOTO €(DeKTy MICIIs OpaJIbHOIO, Ma-
PEHTEpaIbHOTO YW I1HIIOTO 3aCTOCYBAHHS, IS
OJIepXKaHHs TpenapaTiB 3 KOHTPOJIbOBAHUM BHU-
X070M aKkTHBHOI peuyoBmHu [15-20].

[{UKITOIEKCTPUHU BAXKKO MiTAAFOTHCS TiJ1-
pomi3y i merpananii pepMeHTaMu JIFOIUHU, TIPO
IO CBIAYUTH iX BHUBEICHHS B HE3MiHHIN dopmi
npu HUPKOBIM ¢inbrpauii [14]. 3aBasku iHept-
HOCTI W HE3HAYHOMY NPOHUKHEHHIO B TKAHWHU
UKJIOJIEKCTPUHN HEIIKIUITMBI JJII OpraHi3My.
Kinetnka BUBUIbHEHHS JIIKapChbKHX IpenapaTiB
3 NUKIOAEKCTPUHBMICHUX CHCTEM 3yMOBIIIOE-
ThCS cTaHOM MoJekyn L] y momimepHiii citii —
BOHHM MOXYTb OyTH KOBAJICHTHO 3B’s13aHUMH a00
BHUCTYTNIATH SK HAMOBHIOBaY, (i3MYHO JHUCTICP-
roBaHuil y nmomimepHniit Mmatpuni [21]. ducnep-
roBaHl IUKJIOJAEKCTPUHHU MPUCKOPIOIOTH BUBI-
JBHEHHSI JIIKapChKOT0 3aco0y 3 MOJTIMEPHUX CH-
CTeM, SIKIIO JIO3H Tperapary IMepeBHIyI0Th Ha-
cuieHHS. | HaBmMaku, BOHM MOXYTh 3HU3HUTH
IIBUJIKICTh BHBUIBHEHHS JIIKAPCHKOTO TMperia-
paTy, SKIO KOHLEHTpAllisl JIKIB HE JOCATaEe Ha-
CHYeHHS a00 SAKIIO JiKapchka (opMa yTBOPIOE
crivikuit komruiekc 13 L] [22]. [Ipukmagom Ta-
KOi TIOBEAIHKM € CHUCTEMHU T1IPOKCHUIIPOILIME-
tunentono3n 3 B-LIJI ans HazanbHOI dopmu
MenaToHiny [23].

KoBasieHTHO3B s13aH1 3 MOJIIMEPHOIO MaT-
PHILIEI0 IIUKIOAEKCTPUHU TaKOX CYTTEBO BIUIM-
BalOTh Ha AUQY3if0 JIKapChKUX 3ac0o0iB. Y JiTe-
paTypi HaBEJIEHO YMCIIEHHI BiIOMOCTI MpO B3a-
€MOJIII0 MK IUKIONEKCTPUHAMH M MoiMepa-
MU YH CHIBIOJIMEpaMH, SIKi MICTATH TiApodoO-
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Hi ¢parmentu [24]. TlepcnekTuBHUM 3aBHaH-
HSIM, Ha HaIl TOTJISAJ, € OJCPKAaHHS 3IIUTHX PO-
TAKCAaHBMICHHUX IOJIMEPHUX CHCTEM Ha OCHOBI
HOoJiaKpUIaMily Ta HPULICTICHUX IMKIIOIEK-
CTPHUHIB 1 KOMIUIEKCHE JOCIHIKEHHs IX CTpYy-
KTypH Ta BiactuBocTel. Lle mae 3mory oxepixka-
TH HOBI MOJIIMEPHI MaTpHULIl — HOCI1 610JI0TTYHO
aKTHUBHMX CIOJYK, 3[aTHI 0 PEryJbOBaHOI Jie-
copOuii MoNeKylI-TocTel (HampuKiaa, JiKapch-
KUX pedoBHH). [Ipu 1boMy BaXJIUBUM € Te, 110 B
TaKUX CHUCTEMaxX MOXKHA OYIKYBAaTH MOCHUJIECHHS
IPOJIOHTOBAHOTO €(EKTy MOIaKpUIaMIiIHUX Tif-
poreniB 3 POTaKCaHBMICHUMH (parMeHTaMH 1
YHUKHEHHs Mirparii (BUMUBaHHS) ITUKJIOJCK-
CTPHUHIB y TpOIIeC] iX eKcIuTyaTarfii.

Panime [25, 26] Hamu Oyno oaepkaHO
ncesnoporakcan (I1P) Ha ocHOBI B-IUKIOAEKCT-
puHy 1 nojiokcunponiieraumerakpmiary (I10-
[T/IM), KOMITJIEKCOM Pi3HUX METOIB IMiITBEP.I-
’KEHO MOro yTBOPEHHS Ta JAOCHIKEHO CTPYKTY-
py. Tomy nana pobota npucBsdeHa CTBOPEHHIO 1
JOCHIJKEHHIO CTPYKTYPH IMOJIIMEPHUX MaTpPHULb
Ha OCHOBI 3IIMTOTO MOJIaKpuUiaMmixy 3 pi3HUM
BmicToM [IP Ta BCTaHOBJIEHHIO HOTO BIUIMBY Ha
KIHETUKY BHMBUIBHEHHS JIIKapCHKHUX Ipenaparis.

EKCIIEPUMEHTAJIBHA YACTHUHA. [nsa
MPOBE/ICHHST €KCIIEPUMEHTAIILHOI pOOOTH BHKO-
PHUCTOBYBAJIM TaKi PEareHTH: P-IMKJIOAEKCTPUH
(B-L1T) monekymspuoi macu (MM) 1135 dip-
mu Cyclolab Ltd. (Yropmuna); akprnamia (AA)
MM 71; metunen-6ic-akpunamin (MBAA) MM
154; amoniit nepcynbdar (AIIC) MM 228 o¢ip-
mu Aldrich. TocmimpkyBani ik gopataaud (JIP)
MM 383 ta meronpononcykuusar (MTIT) MM
385 HanexaTh 10 HaUMOIIUPEHIMNX JIKAPCh-
KUX Tpenaparis.

[Y-cnextpu 3anucyBasin Ha [Y-criekTpo-
metpi 3 @yp’e-neperBopennsm Bruker Tensor-
37 (Himeuuwmna) y mianma3oni wactor 400—4000
cM © 3 posainpHON0 3xatHicTIo 4 cM . CTpyk-
TYpHI JOCTI/DKEHHS MOJIMEPHUX CUCTEM BHKO-
HYBaJI METOJIaMH IIHPOKOKYTOBOTO Ta MAJIOKY-
TOBOTO PO3CIFOBAaHHS PEHTTEHIBCHKUX MPOMCHIB
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(IOKPPIT 1 MKPPII) Ta mipomiTHYHOT Mac-CIeK-
tpometpii (IIMC), sikuii 103BOJIE OIIHIOBATH
XIMIYHI NEPETBOPEHHS B IMOJIMEPHUX PEUYOBHU-
Hax 3a CKJIaJ0M MPOAYKTIB iX TepMOAECTPYKIii
[27, 28]. OcobauBocTi GIM3BKOTO YHOPSAKYBaH-
Hsl ()parMeHTIB MAKpOJIAHIIIOTIB 00 €KTiB BUBYCH-
merogom [IIKPPII 3a momomororw peHTreHi-
BchKoro audpakromerpa JIPOH-4-07, pentre-
HOONTHYHA CXEeMa SIKOTO BUKOHAHA Ha «IIPOXO-
JOKEHHS» TMEPBUHHOIO MyYKa PEHTTE€HIBCHKHUX
IOPOMEHIB Kpi3b JAOCHIKyBaHUM 3pa3ok. Hass-
HICTh TETEPOTCHHOI CTPYKTYpPH HAHOPO3MIPHO-
ro TUIy B 00’€Mi MOJIMEPHHUX CHUCTEM BCTAHOB-
moBasin Merogqom MK-PPII 3 Bukopucranusm
pentreniBcbkoi kamepu KPM-1, B skiit xomima-
I[I}0 TEPBUHHOIO Iy4YKa PEHTI€HIBCHKUX MpPO-
MeHiB BUKOHanu 3a mMetogoMm Kpatki. OTtpuma-
Hi EKCIePHUMEHTAIIbHO HIMPOKOKYTOBI PEHTIe-
HIBCbKI Ju(pakTorpamMu Ta mnpodisi MaloKyTo-
BOTO PO3CIIOBaHHS PEHTTEHIBCHKUX IPOMEHIB
HOPMYBAJIM Ha BEJIMYHMHY PO3CiIOBAIBHOIO 00’€-
My 3pa3ka Ta Ha (aKTop MOTIMHAHHS HUM Iep-
BUHHOTO My4YKa PEHTIeHIBCHKOTO BHUIIPOMIHIO-
BaHHs. Yl peHTreHorpadiuni J0CIiPKeHHs BU-
koHyBan B CUK,-BUIIPOMiHIOBaHHI (JIOBKHWHA
xgum A = 0.154 HM), MOHOXPOMAaTH30BAaHOMY
Ni-¢pigsTpom.

Mac-cnektpu Oyiau OTpHMaHi Ha Mac-
cnekrpoMerpi MX-1321, sxuit 3abe3nedye BU-
3HAYCHHS KOMITOHEHTIB Ta30BUX CyMillel y Jia-
na3oHi MacoBux yucen 1-4000, y BianoBiTHOCTI
3 METOJIMKOI0, OMUCaHOI0 y poboTi [29]. Maca
3pa3kiB cranoBmia 0.25 mr. Oxepikani Mac-cre-
KTPY MPOAYKTIB JACCTPYKIIii MOPIBHIOBAJIA 3 Ha-
BejieHuMu B Katanorax [30].

Tennodi3nuHi XapaKTEpUCTUKH 3pa3KiB
nocmipkyBann Merogom JICK Ha ycraHoBIl
Universal V4.7A TA Instruments DSC Q2000
(CHIA). Anamni3 npoBOAUIHN B TEMIIEPATYPHOMY
inrepsani Bixg —80 mo 200 °C, maca 3paska cra-
HoBuia 1020 mr, mBuakicTs HarpiBanHs — 20

rpaa/xB. Y®-cnektpu 3anucyBanu Ha UV-Vis-
cuekrpodoromerpi UV-2401 PC ¢ipmu Shi-
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Puc. 1. Cxema oxmepaHHS TOJIMEPHUX MaTPHIb Ha OCHOBI [B-IIMKIOAEKCTPHHBMICHOTO
ncesaoporakcany (1) ta momiakpunaminy (2).

madzu (Anownis) 3 giamazoHoMm 4actoT 190—
800 uwm.

CuHTe3 B-IHMKIIOIEKCTPUHBMICHOTO TICEB-
noporakcany (B-LIJI-ITP) na ocHoOBi B-1uKio-
nekctpuny (B-11JI) Ta mnomiokcumpomniieHu-
Metakpuiaty (ITIOITJIM) BuxoHyBayin 3a METO-
JIMKOI0, OIHKCaHOI0 B poboTax [25, 26]. Iloi -
akpunamigai wmatpuui 3 B-LI-ITP onepxysa-
JHM 32 METOJIUKOIO, 3TIIHO 3 SIKOK MPHEIHAHHS
monekyn B-LII-ITP no momiakpmnamigaux (ITAA)
JIQHITIOTIB BiIOYBA€ETHCS OJTHOYACHO 3 (OpMyBa-
HHsIM [IAA wmatpumi 3 akpuwiaMimy Ta METH-
JeH-0ic-akpwiIamiay, SK IOKa3aHO Ha puc. 1.

Hasaxxu 0.01, 0.017, 0.02, 0.04 mMmoib
(a6o 0.05, 0.08, 0.1, 0.2 T) ITP pozuunsum B 1 M
mumermiiopmaminy Ta momasanu (0.015 r) AIIC.
[Torim momaBanmu 4 mmons AA (0.31) i 0.097
mmoas MBAA (0.015 r), mepeminryBainu 3a KiM-
HATHOI TEMIepaTypu 10 PO3YHMHEHHS CyMIilli.
Pozunn pearentiB ButprMyBaiu 1pu 80 °C npo-
TATOM 2 TOJ 1 3aJMIaid Ha A00y 3a KIMHATHOI
TeMIlepaTypy. Y TBOPEHHH T'ellb IPOMUBAIH KiJlb-
Ka pa3iB JUCTUJIHOBAHOK BOJOK Ha (IIBTpI
[orra, cymunmu | moapioHoBanmu. OTpruMaHuit
MOPOIIOK BUCYIIYBaJIH JIO CTaJOl Bark 3a TEM-
nepatypu 80 °C. Buxia moyiMepiB CTAaHOBUB Bil
70 mo 90 %.

HocnimkyBanmu 3pasku (1-4) matpunp 3
pizHOrO KoHIeHTpariiero [IP, a came: 5 % wmac.
B-LI-TTIP (1), 8 (2), 10 (3), 20 % wmac. (4).

OBTI'OBOPEHHA PE3YJIBTATIB. Otpu-
MaHi CIIOJIYKH OXapaKTepu30BaHo MeTtoaom [Y-
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Puc. 2. TY-cnexktpu ITAA (1), B-IIA-TIP (2)
i momimepuoi matpui 3 20 mac.% B-III-TIP (3).

cnekrpockonii. Y cnektpi [IAA matpui, ska
mictuth 20 % wmac. IIP (puc. 2, kpuBa 3) cro-
CTEepIraloThCS CMYTH MOTJIMHAHHS aMiTHUX TPyl
(v C=0 Ta 8NH,) mpu 1653 i 1620 cm* Big-
MOBIIHO, a Takox riede 3 ONH mpu 1528 CM_l,
10 XapakTepHo IS momiakpmiaminy. Crocre-
piraroThCsi TaKOX CMYTH, MOB'SI3aH1 3 BaJ€HTHU-
Mu 1 gedopmarniitnumu konuBanusimMu CHs-,
CHy-rpymu  ankinsHOTO parmenTa [TOITAM

(2700-3100, 1300-1500 cM %), cMyra HOTIMHAH-

st 3 v 1721 oM ?, sika Bigmosizae v C=0 ectep-
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Horo ¢parmenra [IOIIJIM, a Takox 4YacTOTH
BasieHTHUX KonuBanb v OH B-LIJ1 3364 cM
(mns BuxigHoro B-LI — 3400 CMil). VYV nanomy
IY-criekTpi € TakoXX CMYyI'M IOTJIMHAaHHS B 00-
macti 1000-1100 CM_l, 110 BIAIOBIIAIOTH KOJIHU-
BaHHAM V C—O TIIFOKO3UIHOTO KUTBI 1 TIIFOKO-
3ugHoro Mictka makpouukiay B-LII. Takum
ypHOM, aHaii3 [Y-crekrpa 3paska 3 mokasye Ha-
ABHICTH B-LKionekcTpuHBMicHOro [1P 'y moi-
aKpUJIaMiTHI MaTpHIIi.

AHani3 pe3ynbTariB HIPOJITHUYHOI Mac-
CIIEKTPOMETPIi TIOKa3ye, M0 TEPMOACCTPYKIIis
B-L-TIP BinOyBaeThCcsi 3 OAHUM MaKCUMYyMOM
BUJIUUICHHS JIETKUX KOMIIOHEHTIB 3a TeMIlepaTy-
pu 280-290 °C (J = 167 ym.ox.) (puc. 3, kpuBa
1). Mac-cuekrp B-II-TIP nmpu 280 °C ¢ik-
Cy€ HasBHICTh 10HHUX (parmMeHtiB 3 m/z 59
(C3H70), 87 (CsH110), 101 (CsHyO2) Ta 116
(CeH1202), siki MOXHA BiJHECTH JO METaKpHU-
JATHUX KIHIEBUX TPYIL, 1 TAKUX CAMHUX JIETKHX
KOMITIOHEHTIB, YTBOPEHHX NPH JECTPYKIIi OKCH-
MPOTIiJIEHOBOTO JIAHITIOTA, & TAaKOX JETKUX IIPO-
JYKTIB TEPMOAECTPYKILi TIIFOKOIIPAHO3HOTO KiJb-
s B-LJ1 y monoxennsx 4, 5, 6 (ioHHi ¢pparmen-
™ 3 M/Z2 59, 60, 61, 73, 44, 57, 31 Ta iH.) Ta i0H-
HUX (parMeHTiB 3 MacoBUM ducioM M/z 57
(OCH(CH3)CH), 69 (C3HO,), 85 (CsHq0), 87
(CsH110), 99 (CsH70,). Kpim Toro, B mac-cre-
KTpi 3a L€l TeMIIepaTypu PEeCTPYIOTHCS 10HHI
¢dparmentu 3 M/z 126 ta 144, ski MOXHaA 1JIeH-
TUGIKyBaTH SIK (parMEeHTH TJIIOKOMIPaHO3HOTO
kb 6e3 1Box (CgH1005—2H20) Ta 6e3 oaniel
(CeH1005—H20) monekynu Boau BIiAMOBIIHO.

Tepmorpama ITAA (puc. 3, xpusa 2) mic-
TUTh TP MAaKCUMyMH YTBOPEHHS 10HHUX (par-
menTtiB — npu 100, 272 i 340 °C. Mac-cniektp
ITAA npu 100 °C ¢ikcye nuire Tpu JeTKi mpo-
ayktu 3 Mz 17 (NHs), 18 (H20) i 44 (CH3;CHO).
IIpu 272 °C y Mac-CIeKTpi peecTpyroThes 28
iOHHHX (parMeHTIB, cepel AKX JeTKi 3 m/z 15,
16, 47, 48, 54, 76 BiACyTHI B Mac-CHekTpi B3-
LIJI-TTP. TIpu 340 °C BinOyBaeThcsi, BOUYEBH/Ib,
MOBHE pPYyHHYBaHHS MOJIIAKPWIAMIJIHUX MoJie-
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Puc. 3. TemmepaTypHa 3ajJeXHICTh 3araJlbHOTO 10H-
HOTO CTPYMY BHUJIJICHHS JIETKUX MPOIYKTIB TEPMO-
IecTpykiii mceBgoporakcany B-II-TTP (1), TTAA (2),
spaskiB 1 (3), 3 (4) ta 4 (5).

KyJI, OCKUIbKH KUIBKICTh 10HHUX (parMeHTiB
3poctae 10 50 onuuunp. Y mac-cnektpi [TAA 3a
i€l TeMrepaTypu XapakTepHUMH € JIeTKi 3 M/z
15, 16, 39, 54, 56, 67, 68, 96, 127 1 139.
Tepmorpamu nosiakpuiaamiTHUX MaTpPUIb
3 pi3HUM BMICTOM IICEBJIOPOTAKCaHy, SIK 1 Tep-
morpama [TAA, mMaroTh TpU IHTEpBaJIM TEPMO-
nectpykuii (puc. 3, kpuBi 3-5), sIKi 3CyBalOThCS
B OiK HIDKYOI TeMIepaTypH MOPIBHIHO 3 TEPMO-
rpamoro ITAA, npu 1bOMy NOKa3HUKH 3aralib-
HOTO 10HHOTO CTPYMY JIETKUX TPOIYKTIB st
3pa3kiB 1-3 Takox MeHmi, HiX y [TAA (Tadm.
1). ¥V mac-cniektpax 3paskiB 1-3 3a Temmepary-
pU MaKCHUMyMy BUAUICHHS 10HHHX ()parMeHTiB,
a came mpu 250, 220 i 210 °C BignosiaHo, Big-
CyTHI i0HHI (parmeHTH 3 M/z 47, 48, 54, 76,
xapakrepHi ais [TAA, a Takox ioHHI ¢parMeH-
™ 3 M/z 59, 61, 85, 87, 99, 126, 144, mo pe-
€CTPYIOTBCS, SIK OYyJI0 CKa3aHO BHILE, Y Mac-CIie-
ktpi B-LIJI-TTP. OcTanHE MOXe CIyryBaTH JIOKa-
30M yTBOpeHHs 3B’s3kiB Mixk B-LIJI-TIP i mak-
pomonekynamu ITAA 3a HaBeneHow Ha puc. |
cxemoro. HatomicTe B 1HTEpBaJll TPETHOTO Mak-
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IMutoma inTeHcuBHicTh (1) ocHOBHHMX iOHHMX (parMeHTIB y Mac-CeKTpax JOCTIKYBaHHX 00’€KTiB

m/z /1 10%, YM. OfI.

1 2 3 4 5

6 7 8 9 10

ITAA, 272°C, J=164 ym. ox.

18/5.08 17/2.83 16/1.08 44/1.07 76/0.31 47/0.23 48/0.22 60/0.20 32/0.18 28/0.15
B-LIJ-TIP, 280°C, J=163 ym.ox.
43/2.72 44/2.48 31/2.46 60/2.38 29/2.11 57/1.58 73/1.43 41/0.84 126/0.27 144/0.24
ITAA + 5% B-LII-TIP (3pasokl), 250°C, J=124 ym. on.
17/4.38 16/2.75 18/2.40 44/0.46 73/0.34 43/0.31 57/0.15 30/0.14 55/0.13 15/0.13
ITAA +10% B-LIJ-IIP (3pasok 3), 220°C, J=123 ym. ox.
73/1.23 17/1.03 18/0.80 44/0.70 16/0.59 42/0.25 30/0.14 58/0.13 28/0.11 15/0.09
ITAA +20% B-LII-TIP (3pasok 4), 210 °C, J = 132 ym. og.
18/1.91 17/1.51 73/1.04 44/0.79 16/0.77 28/0.35 42/026 30/0.19 29/0.14 60/0.11
ITAA, 340°C, J=155ym. ox.
43/1.10 56/0.82 18/0.67 28/0.57 41/044  17/0.43 40/0.36 27/0.33 42/0.32 96/0.30
B-IUI-TIP, 320°C, J =110 ym. on.
18/0.62 44/0.37 43/0.34 28/0.22 27/0.20 41/0.19 57/0.16 29/0.12 17/0.11 69/0.10
ITAA + 5% B-IJI-TTP (3pasox 1), 328 °C, J = 138 ym. ox.
44/1.69 56/1.09 42/0.95 18/0.92 29/0.79 43/0.72 41/0.49 55/0.46 113/0.43 127/0.43
ITAA +10% B-LIJ-IIP (3pasok 3), 335°C, J=118 ym. ox.
18/0.59 44/0.42 43/0.26 28/0.23 56/0.22 17/0.16 42/0.14 41/0.13 27/0.11 55/0.08
TTAA +20% B-LIA-TIP (3pasok 4), 335°C, J= 14lym. ox.
18/1.01 44/0.87 43/0.72 41/0.44 42/0.43 60/0.43 29/0.42 17/0.30 28/0.27 56/0.22

cumymy (temmeparypa moHax 320 °C) y mac-
CrieKTpax 3paskiB 1 1 3 peecTpyroThCs Ti cami Jie-
TKI MPOAYKTH, 10 1 B Mac-cnekTpi [TAA. Bza-
rajgi MOKa3HUKH TEePMOJECTPYKIi (3aranbHUi
10HHUH CTPyM, KUTBKICTh 10HHUX (DparMeHTIiB Ta
iX MUTOMa 1IHTEHCUBHICTH) AJis 3pa3kiB 1 1 4 BU-
I, HOK I 3pa3ka 3, SK BUIAHO 3 TaONUIl, Je
HABEJICHO JIECATh JIETKUX MPOIYKTIB 3 HAHOLIb-
100 TIMTOMOIO 1HTEHCHUBHICTIO, IO PEECTPYIO-
TBCSl B MAc-CIEKTPax ycCixX AOCHIHKyBaHHX 00’ €e-
KTiB. TakuM 4MHOM, 3pa3ok 3, skuii MicTuth 10
% wac. B-I-TTP y moniakpunamiaHiid MaTpuIi,
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3a BCIMa IMOKa3HUKaMH € HaiOUIbII TepMOCTa-
oimeHuM. BoueBunp, 111 10 % 3abesnedyroTs or-
TUMaJIbHY CTPYKTYPHY OpraHi3alliio MoJiMepHOT
MaTpHIlI Ha OCHOBI 3IIUTOTO TOJIaKPHIIAMITy Ta
B-11/1-BMicHOTO TICEBAOPOTAKCAHY .

Pe3ynpTaté miposiTHYHOT Mac-CHEeKTPOMET-
pii KOpeNmoITh 3 JaHUMHU, OJICP)KAHUMH METO-
JOM JH(epeHIiagbHOl CKaHYBaJIbHOI KaJOpH-
metpii (JICK). Ha pwuc. 4 naBemeHno tepmorpa-
mu noiimepnoi Matpuii [TAA (xpusa 1), B-LIJ]
1P (xpuBa 2) Ta nmoaiMepHUX MaTPHUIIb 13 PI3HUM
Bmicrom B-IIJI-TIP (xpusi 3-5). Ha tepmorpa-
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matpuni [TAA Ta mojxiMepHUX MaTpuLb i3
pizaum BMicToM B-L[/I-ITP BusiBieHo, mo
KUIBKICTh TICEBJOPOTAKCaHy y MOJIMEpHii
MaTpHlli CyTTEBO BIUIMBAE HA CTPYKTYPY
MoJiMEepHUX cucteM (puc. 5). Y BUXIIHO-
My crani B-LI/I-IIP mae uwactkoBO KpucTa-
JIYHY CTPYKTypy, Ha IO BKa3ye MpOsB
KUIbKOX 1HTEHCHUBHUX Ta MaJIOIHTEHCUBHHX
TUGpaKIIfHIX MaKCUMYyMIiB JTUCKPETHOTO
THUITy, CyAsS4d 3 1X KyTOBOI HamiBIIMPHHHU
(xpuBa 1). HaiiOiibl 1HTEHCHBHI CHUHIJIETHI
MaKCUMyMH MarOTh KYTOB1 MOJIOXKEHHS
(260m): 11.4°, 17.5° i 23.6°. Posmip kpwuc-
taunitiB (L) B-LA-ITP y HanpsiMKy KyTOBOTO
MOJIOKEHHST BKA3aHUX TPbOX CHHIVIETHHX
IUQPAKIIHIX MaKCUMYyMIB, SIKUH BHU3Ha-
yanu 3a merogom Illeppepa [31], craHo-

T T T T T T T T T
1 0 ol 1aa

Puc. 4. Kanopumerpuuni kpusi I[TAA (1), B-LIA-TTP
(2) 1 monmimeprux Mmarpuup 3 Bmictom B-LII-ITP 5
(3), 10 (4), 20 % wmac. (5).

Mi B-III-TTP crioctepiraerbest Temmiepatypa CKITy-
BaHH IOJIIOKCUIIPOIIJICHOBUX THYUKHX JIAHIIIO-
rie TIOITJIM (puc. 4, kpuBa 2) i aBa HIMPOKI
HiKM TUIaBJICHHS 3 MakcuMymamu npu 77.5 i
104.9 °C (mnsa B-LIJL — 85.5 °C), mo moxe Oytu
OB ’s13aHO 3 yTBOpeHHAM KomruiekciB B-L[JI-ITP
3 Pi3HOIO KUTBKICTIO Mojekyn [-IIJ1.

IIpu BBenenni B-LIJI-TIP y momimepny
matpuiio [TAA Ha TepMorpaMax MposBISETHCS
eHnorepmiunnii mik tuasienns B-LIJI-TIP. Sx
BUJHO 3 puc. 4, pu 3poctanHi Bmicty B-LIJI-TTP
y Matpuili [IAA cunpHilEe TPOSBISIOTHCS HOTO
xapakTtepucTuku. Ckaximo, pu Bmicti 20 % Mac.
B-LIJ-ITP (xpuBa 5) Ha TepMmorpami Maemo JBa
enaorepmiuni miku. [Ipu Bmicti 10 % mac. B-
LI-TIP (xpuBa 4) eHmoTepMIUHMN MIK IMIUPOKHUA
1 3MIILIEHUI Y BUCOKOTEMIIEpaTypHy 00JacTh, IO
MOXE CBIJUATH TIPO PIBHOMIPHUN PO3TOIIT
B-LIA-TIP y marpumi [TAA.

[Ipu mpoBeneHH] aHaNi3y PEHTTE€HIBCHKUX
mudpakrorpam 3paskiB B-LII-TTP, momimepnoi
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150
T."C

sgg  BUTH, B cepennboMy, L = 6.0 um. Ouinky
BIZIHOCHOTO PiBHA KpHUCTamiqHOCTI (Xip) B-

LI/I-ITP BuKOHYBaJIK 3a METOJOM aBTOPiB pobO-

ta [32]. BcraHoBneHo, 1O B IHTEpBaJl KYTiB

poscitoBanus Bix 9.4° 10 26.8° piBeHb KpucTai-

gyHocTi B-LI-TIP X = 58 %.

Ha Bigminy Bin B-LIJI-TTP 3pazok momime-

FoBifH. 0f.

0
e

T
0

20

30 28 rpaa.
Puc. 5. lllupokokyTOBI pEeHTTeHIBChKiI TUPPAKTO-
rpamu B-LI-TIP (1), TTAA (2), 3paskis 1 (3), 2 (4),
3(5) Ta 4 (6).
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pHoi Mmatpuni ITAA xapakrepusyeTbcs Onu3b-
KM TOPSIIKOM TPHU TPAHCIALIT y MpOCTopi
(parMeHTiB MXKBY3JIOBUX MOJIEKYJIIPHHUX JIAHOK
aKpUJIaMily Ta 3IIUBAIOYMX MOJICKYJISIPHUX JIaH-
moriB. Ha e Bkasye mposiB Ha pEHTTeHIBCBKiM
nudpakTorpami 1bOTO 3pa3ka IBOX AUGpaKIilii-
HUX MaKCUMyMiB nudy3Horo (cyasdu 3 KyTOBOi
HaIMBIIMPUHHU) TUITY (aMOP(HHX TajI0) — MaJOiH-
TEHCUBHOTO AU(PPAKIIHHOIO MAaKCUMyMYy TIpU 260,
~ 12.8° ta intencusHoro npu 26~ 22.0° (puc. 5,
KpuBa 2). SIKIIO MaOiHTEHCHMBHE aMop(dHE Tao
pu 26n~12,8° xapakrepusye ONM3bKUN TpaHCIs-
LIMHKN MOpsIOK (PparMeHTIB MIKBY3JIOBHUX 3IIH-
BAIOUUX MOJEKYJSIPHUX JAHIIOTIB, TO 1HTEH-
cuBHe amopdHe rano npu 26m =22.0° € mpo-
SBOM OJM3BKOTO MOPSAKY HpU TpaHCIALii y
mpocTopi (pparMeHTIB aKpUIaMITHUX MOJIEKY-
JSPHUX JIAHOK 3 aMiJIHUMM TIpynaMu y O14HHX
Bigranyxxenusx. Ilepiog d Oau3bKOro ymopsii-
KyBaHHS (TOOTO mepioj dYepryBaHHS y Ipo-
cTopi) (parMeHTIB MIKBY3JIOBHX 3IIMBAIOYUX
MOJICKYJIIPHUX JIAHIIOTIB Ta MIKBY3JIOBHX aK-
pHIIaMIJTHUX MOJIEKYJISPHUX JaHOK 3 OIYHUMU
aMiIHUMHM TpyNaMu, 3TiJTHO 3 piBHAHHAM bper-
ra (d = A(2sinfy) ), cramosuts 0.69 i 0.40 HM

BIJIITOBIIHO.

Beenenns B 00’eM moJiiMepHOT MaTpuili
ITAA 5 % wmac. B-L-TIP (puc. 5, kpuBa 3) npu-
BOJIMTH JIO PO3MIUPEHHS BEPIIMHHA IHTCHCUBHOTO
aMOp(HOTO Tajo MpH 3MiHI HOro KyTOBOTO IIO-
noxkeHHs 3 20n ~ 22.0° (ma audpaxrtorpami
noaiMepHoi Matpumi) 10 260m = 21.4° Tomi sk
HE3MIHHUM 3aJIUIIAETHCA KYTOBE MOJIOKECHHS
BTOPUHHOTO TIO 1HTEHCHUBHOCTI MU(MPaKIIIHOTO
Makcumymy audysnoro tumy (20m~ 12.8%), 1006-
TO B 3pa3Ky | crmocTepiraroTbcss HE3HAYHI 3MiHU
OperriBchkoro nepiogy d OIM3BKOTO MOPSAKY
(30.40 no 0.41 HM) TONIMEPHOI MaTpPHIII.

ITpu migsumenni Bwmicty B-LIJI-ITP (3pa-
30k 2) 1o 8 % mac. B 00’eMi moniMepHOi Ma-
TPHILI CYTTEBO 3pOCTA€ IHTEHCHBHICTH amopd-
Horo rano (puc. 5, kpua 4). Kpim 1poro, Ha
PEHTTEeHIBCBbKIN TUdpakTorpaMi MOJIMEPHOI Ma-
Tpuii, B 00’em skoi BBenu 8 % mac. B-LIJI-TTP,
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BIZICYTHIi BTOPUHHUHN MO 1HTEHCUBHOCTI Iu-
paKIiiHUM MakcUMyM JAH(]yY3HOro THILy, LIO
ineHTu(iKye ONM3BKUM TpaHCIALINHUI mops-
JIOK MDKBY3JIOBUX 3IIMBAIOYUX MOJICKYJISIPHUX
JaHOK IMOJIIaKpujIaminay.

Ha pentreniBcekiii audpakrorpami 3pa-
3ka 3 (10 % wmac. B-LA-ITP) Ha doni amopdno-
ro rayo npu 26m = 21.4° cioctepiraerbes MposiB
MEHIIl 1HTEHCUBHOTO JU(PAKIIIHOTO MaKCH-
MyMy audy3HOTOo (CyAsyd MO KyTOBiil HamiB-
wupuHi) Tany npu 20, ~ 25.2° (puc. 4, xpusa
5). 3Beprae Takox Ha cebe yBary 3Ha4HO BHUINA
(mopiBHsiHO 3 audpakTorpamoro 3paska 1) iH-
TEHCHUBHICTh PO3CIFOBaHHS PEHTICHIBCHKHX ITPO-
MeHiB B iHTepBaii kyTiB 26 Bix 11° o 18°, mpu
bOMY KyTOBa 3QJIEKHICTh IHTEHCUBHOCTI Mae€
niHIWHUA XapakTep. Lle Bkasye Ha icHyBaHHS B
1iit 067acTi KyTiB IHIIMX CTPYKTYPHUX €(EKTiB.

Ha nudpakrorpami 3paszka 4 croctepira-
€THCSI MIPOSIB TPHOX NU(DPaAKLIHHUX MaKCUMYyMIB
audy3Horo tumy mpu 260n~ 12.8°, 19,0° ta ~24.6°.
Ocranniit (20m ~ 24.6°) mudpakuiliauii Makcu-
MYM CIIOCTEPIraeThes 1 JUIs 3pa3ka 2, ayie IpH
20~ 25.2°. BoueBH 1b, BHACIIOK 3HAYHOT KiJlb-
KOCTI MDKMOJIEKYJSIDHUX BOJHEBHX 3B’SI3KIB 32
y4YacTIO NEPBUHHUX TiApOKCHIbHUX rpym B-11/1-
[P ta amigaux rpyn noxiMepHoi matpuui [TAA
BKa3aHi BUIE MUQPAKINIHHI MaKCUMYyMH, SIKI Xa-
PaKTepU3yIOTh YaCTKOBO KPUCTAJIUHY CTPYKTY-
py B-LII-TTP, mpu xonnenTpamii 10 i 20 % wmac.
B-LIA-TTP B 06’eMi moniMepHOi MaTpuUIli MarOTh
BUTJISA AUPPAKIHHUX MAKCUMYMIB JH(PY3HOTO
Tumy, 3cyHytux Ha 1-1.5° B oGnacts Gimbmimx
KYTiB pO3CifoBaHHs 26.

Amnauni3 npoisiB IHTEHCHBHOCTI MaJIOKY-
TOBOTO PO3CIFOBAaHHS PEHTTE€HIBCHKUX MTPOMEHIB,
NpoBeIeHU#t 3riaHo 3 podoTtamu [33, 34], moka-
3aB, IO MOJIIMEpHA MATPHIS € CTPYKTYPHO OJ-
HOPiTHOIO (TOMOTEHHO), TOOTO KOHTPACT elie-
KTPOHHOI TyCTHHH B 1i 00’emi 4dp = 0 (puc. 5,
KkpuBa 1).

Hatowmicts 3pasku 1, 2 i 4 maioTh rerepo-
TeHHY CTPYKTYypYy HaHOpPO3MIPHOIO THUITY, TOOTO
B 00’e€Mi IIUX 3pa3KiB KOHTPACT EJIEKTPOHHOL
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Puc. 6. Ipodimi iHTEHCHBHOCTI MAaJOKyTOBOTO
PO3CilOBaHHS PEHTTEeHIBCHKUX IPOMEHIB 3pa3KiB
BUXiMHOI moniMepHoi Matpuii [TAA (1) ta 3
BMicToM B ii 06’emi 5 (2), 8 (3) i 20 % mac. pB-
LA-TIP (4).

ryctunu Adp # 0 (dp = p—<p>, ne p, <p>— 70~
KaJbHE 1 Cepe/IHE 3HAYCHHS CIICKTPOHHOI I'yCTH-
HU B JBOX(]a3oBiit cucremi [34]) (puc. 6, xpusi
2, 3). BcranoBieHo, 110 I 3pa3Kd MarOTh 3Ha-
YHY IHTEHCUBHICTh PO3CIIOBaHHS PEHTI'CHIBChH-
KUX mpoMeHiB B obmacti kytiB (26) Big 0.08
no 0.60°. Ile Moxe o3HAYaTH, MIO MOPIBHSIHO 3
BHUXIJTHOIO TIOJIMEPHOIO MaTpHIei0 B 00’emi

;-

HTN

&
1

FoHueHTpaua, %

1 2 a 1 5

3pazkiB [TAA 3 B-LIJI-ITP icHyroTh 1OCHTH 3HAYHI
3a po3MipoM o06nacTi rereporeHHocti. Bincy-
THICTh 1HTEp(EPEHLIIHOr0 MaKCUMyMy Ha Ipo-
¢ingax iHTeHCHBHOCTI 3paskiB 1 1 3 Bkazye Ha
XaOTHUYHE PO3MIILIEHHSI 00JIacTeil TreTeporeHHoC-
TI HAHOPO3MIPHOTO TUIY 3 PI3HOK BEIUYHHOIO
JIOKaJIbHOT €JIEKTPOHHOI T'yCTMHHU B 00’€Mi IO-
JIMEpHOi MaTpHILIL.

3a MeTomoM, omucaHuM B po6oTi [35], Bu-
3Ha4yaJld TaKMi CTPYKTYpHUI mapamerp, sK Jia-
nazon rereporenHocti l, (range of homoge-
neity) [36]. Ileli ctpykrypHuii mapamerp Oe3-
HIOCEPETHBO OB’ SI3aHUN 13 CEpPeHIM PO3MipoM
obmacreit rereporenHocti (<l;>i<l>):

lp= @o<li>= @1<ly>,

oe @1, @2 — 00’eMHI 4acTKu y JBOX(]a30Biit
cuctemi (pl+gp2 =1).

Po3paxyHKu MOKa3y0Th, 110 3pa3ok 1 Mae
3Ha4yeHHs lp = 41 uM, a Juis 3paska 4 — |, = 23
HM. Taka pi3HMIA B NOKa3HUKax |, Moxe cBin-
gutu npo te, mo B-L/I-TIP posnoxinserscs B
MOJTIAKPWIIAMITHIN MaTpuili y 3pa3ky 1 Oiumbin
HEOJTHOPITHO, HIXK Y 3pa3ky 4.

TakuM YHHOM, KOMIUIEKCOM (Di3MKO-Xi-
MIYHHX METOJIB BCTAHOBJICHO yYTBOPEHHS MOIi-
aKpUJIaMiTHOT MaTPHIIl, SKa MICTUTh NIPUETHAHI

m_

P

EoHUeHTRaWia, %

2 a ] 5

Puc. 7. lecop6buis MTII ta JIP 3 moniMepHUX MAaTPHIlh Y BOJHOMY CEPEIOBHILI 3 PiI3HUM
Bmictom B-III-TTP: 20 (1), 10 (2), 8 (3), 5 (4), 0 % mac. (5).
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0 TOJIaKpHJIaMiTHUX JAHIIOTIB JaHKU [-111-
KJIOJIGKCTPUHBMICHOTO TCEBIOPOTAKCAHY.

3riHO 3 METOo 1€l poboTH OyI0 BHKO-
HAHO EKCIIEPUMEHTH 3 BUBYCHHS 3aTHOCTI CHH-
TE30BaHUX MATPHUIb COPOYBAaTH Ta BUBLIBHATH
JTIKapChKl PEYOBUHU. Y CHHTE30BaHI MaTpHIll
BBOJMJIM Jikapcbki mpemnapatu (JIIT) merompo-
JI0J Ta JIOpaTa uH IUIXOM HaOyXaHHS MaTpPUIb
y BojaHO-cniupToBOMYy po3uuHi JIII 1 mocmin-
KyBaJl KIHETUKY BUBUIBHEHHS OCTaHHIX. J[ms
poro 30 mr xonomimepy 3 JIII 3anuBanu 4 min
TUCTHIIbOBaHOT Boau. llicms yoro BimOupanu
(Bimpa3y Ta yepes3 MeBHI MPOMIXKKH 4acy) Mpoou
no 3 w1, BuMiproBanu koHueHtparito JIII 1 mo-
BepTAIM TPOOYy A0 JOCHIIKYBAHOTO PO3UHHY.
BinOip npo6 3aiiicHioBanu mnpoTsirom 24 ro.
KonnenTpaiiito BUBUIBHEHHUX CHOJIYK BCTaHOB-
JIOBAJM 32 OTIOMOror0 Y D-CreKTpoCKoIii, po3-
paxoByIOUM KUIbKICTh IpernapaTy B pO3YMHI 3a
JIOTIOMOT010 KajiopyBaiibHOTO Tpadika. OnTud-
HY TYCTUHY Ul OOYMCIIEHHS KOHLIEHTpALi BU-
MipIOBaJIi B MaKCUMyMaxX MOTJIMHAHHS B OLTBII
noBroxBuiboBii oomacti (MTIT — 274 um, JIP
— 247 um).

OTpumaHi eKCIepUMEHTaJIbHI JaHi CBiJ-
4yaTh Tpo Te, 0 HasBHICTH B-11/] BrmBae Ha ne-
copoiro JIIT 3 momMepHUX MaTPUIlh 3AICKHO BiT
fioro Bmicty. HaBeneni Ha puc. 7 pe3ynbTaTH J10-
cimipKeHHs KiHeTuku BuBUIbHEHHS JIIT 31 3pa3kiB
MOJTIMEPIB BKa3yIOTh Ha Te, 1o aecopOitis MTII
ta JIP icroTHO ymoBinbHIOETBCS (Maibke y 1.5
s MTII ta B 2.5 pasu s JIP) 3a HasBHOCTI
10 % wmac. B-LI-TTP. IIpote mpu moganpimomy
36inbmenHi Bmicty B-LIJI-ITP necop6buis MTII
HE YNOBUIBHIOETHCS, a necopOuis JIP HaBiTh
npuckoproetscsi. Tomy BBeaeHHa 10 % mac. B-
L/I-TTP y moniMepHy MaTpHIlIO € ONTHMAIbHUM
JuI ynoBiibHeHHsS aecopOmii mux JIIT.

BUCHOBKH. TakuM 4HHOM, KOMIUIEKCOM
(GI3UKO-XIMIYHUX 1 aHATITHYHUX METOJIIB OyIi0
JOCITIKEHO CTPYKTYpy Ta BJIACTUBOCTI MOJIME-
pPHUX MaTpHIlb HA OCHOBI 3IIUTOTO MOJIaKpU-
maminy 3 pisauM Bmictom B-LII-ITP. Metonom
[Y-cnexTpockonii Ta MipOJITUYHOI Mac-CIIEKT-
pomeTpii goBeaeHo HasBHicTh - L/I-TIP y mo-
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JIMEpHI MaTpulll 3a XapaKTePUCTHYHHMHU CMY-
ramu norymmHaHHS B-1JI. Metomom JICK BusiB-
neHo, 1o 3a Bmicty 10 % mac. B-IIJI-ITP piBHo-
MipHO posmnofinserses B Matpuii [TAA, mo Ta-
KOX MIATBEPIXKYEThCS JAHUMU PEHTI€HOCTPYK-
TypHOro asamizy. Ilin yac mocmimKeHHs BIUIH-
By B-LI/I-IIP Ha kiHETWKY BHUBUIbHEHHS JIIKap-
CBKUX TIperapatiB JIOpaTaJAWHy Ta METOIPOJIO-
Jy CYKIIMHATy OyJIO0 BCTAHOBJIECHO, 110 BBEJICHHS
10 % wmac. B-LI/I-IIP y nomimepHy MaTpuiio €
ONTUMAJILHUM JUIsl YIOBUIBHEHHS JAecopOuii 3a-
3HAUEHUX JIKiB.

[HOJIMAKPUIIAMUAHBIE MATPULIBI HA OC-
HOBE B-HUKJIIOAEKCTPUHCOJEPXAIIET'O
IICEBJIOPOTAKCAHA Ui TTPOJIOHI'MPO-
BAHHOI'O BBIBEAEHUWA JIEKAPCTBEHHBIX
[IPEITAPATOB: CUHTE3 U CBOMCTBA

JI.B.Koopuna*, B.B.boiiko, C.B.Ps60oB., JI.A.Open,
C.A.Cunenpaukos, B..11ItomMmens

Hucmumym xumuu 6blcOKOMONEKYIAPHBIX COeOU-
nenui HAH Yxpaunwl, Xapvrosckoe wiocce, 48,
Kues, 02160, Vxkpauna

* e-mail: sergii.riabov@gmail.com

CuHTe3npoBaH P-IMKIOAEKCTPHUHCOACPKALIMN
nceBopoTakcan (B-LI-IIP) Ha ocHOBe [-TIMKIIONE-
ketpuHa (B-LIJ]) v monmokcunponuieHIMMETaKpH-
JaTa ¥ MOJTyYeHbl OJIMMEpPHBIE MATPHIIBI HA OCHOBE
CIIMTOTO TMOJIMAKPIJIAMHUIA C Pa3IHYHBIM COZIepKa-
aueM B-LI/I-TTP. [Tony4yeHHble coeMHEHUs OXapak-
tepu3oBanbl MetogoM WK-cnextpockonuu. Ctpyk-
TypHBIE HCCIENOBaHMUS MOJUMEPHBIX CHCTEM BBI-
MOJTHSUTM METOJIaMH LIMPOKOYTJIOBOTO M MaJloyIJIo-
BOTO paccesHusl pEeHTT€HOBCKUX JIyuyel U MUPOJIUTH-
yeckoi Macc-cnektpomerpuu. Metogom JICK wuzy-
YeHBI TeTIO(QU3NIECKHE XapaKTePUCTUKH 00pa3IoB.
YcTaHOBJIEHO BIMSHHE KOJMYECTBA MCEBAOPOTAKCa-
Ha B MaTpHle Ha KHHETUKY BBICBOOOXKICHUS JIeKap-
CTBEHHBIX TpenapatoB. B xoze ucciaenoBaHus BIHsI-
HUS TICEBJIOPOTAKCaHA HA KHHETHKY BBICBOOOXKACHHUS
JopaTaguHa M METONPOJIONI-CYKIIMHATa YCTaHOBJIE-
HO, uTo BBegeHue 10 % mac. nceBgopoTakcaHa B IO-
JUMEPHYI0 MAaTpUIly SBISETCS ONTHMAIBHBIM IS
CYLIECTBEHHOTO 3aMEIJICHHs JecOpOLrU JeKapcT-
BEHHBIX IPENaparos.
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POLYACRYLAMIDE MATRIX BASED ON 8-
CYCLODEXTRIN-CONTAINING PSEUDORO-
TAXANE FOR DRUGS RELEASE: SYNTHESIS
AND PROPERTIES

L.V.Kobrina*, V.V.Boyko, S.V.Riabov, L.A.Orel,
S.1.Sinelnikov, V.I.Stompel

Institute of Macromolecular Chemistry of the Na-
tional Academy of Sciences of Ukraine, 48 Khar-
kivske shosse Str., Kyiv, 02160, Ukraine

* e-mail: sergii.riabov@gmail.com

Formation and studying of different inclusion
complexes, which could be attributed to the supra-
molecular structures, are still remaining among an
actual topics in the modern polymer chemistry. The
ability of cyclodextrins to selectively interact with a
range of their size complementary molecules makes
them promising objects for supramolecular chemis-
try. Therefore, we obtained polymer matrices invol-
ving acrylamide and methylene-bis-acrylamide with
different content of pseudorotaxane based on B-cyc-
lodextrin and polyoxypropylenedimethacrylate and
confirmed their structures by different techniques
(FTIR-spectroscopy, DSC and X-ray analysis). The
presence of pseudorotaxane in polymer matrices was
proved by monitoring B-cyclodextrin’s bands stret-
ching vibration (FTIR method). When analyzing X-
ray profiles of polymer matrices with different con-
tent of pseudorotaxane, we found that the influence
of pseudorotaxane is insignificant at its content of
5 and 8 % wt. In addition, the study of pseudoro-
taxane effect on the kinetics of drugs release reve-
aled that the introduction of 10 wt.% of pseudo-
rotaxane into the polymer matrices appreciably de-
celerates desorption of drugs and, thus this content
being considered as an optimal one for this purpose.
Also the polymer matrices’ structure was studied by
the pyrolysis mass spectrometry method. It has been
determined the temperature decomposition, rate of
total ion current, probable composition of ion frag-
ments of samples and intensity of their isolation in

112

the mass spectra of polyacrylamide with different
content of pseudorotaxane during pyrolysis. Thus,
the results obtained can be explained by the for-
mation of specific intermolecular bonds emerged
between pseudorotaxane fragments and chains of po-
lymer matrice.

Keywords: polymer matrices, pseudoro-
taxane, B-cyclodextrin, polyacrylamide, realea-
se kinetics, drug, pyrolysis mass spectrometry,
structure.
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